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COMPREHENSIVE 

TECHNICAL 

HANDBOOK 

SERVICE 

For complete data on Mullard Valves 

Tubes, Semiconductors and Components 

Tlie Mullard Teclinical Handbook is a loose-leaf 

publication, Issued on a subscription basis and 

containing data sheets on Mullard valves, tubes, 

semi-conductor devices and components in current 

production. From one to twenty pages are devoted 

to each valve, tube or semiconductor type; data 

including the standard ratings and performance 

figures for various applications. Subscribers auto- 

maticallyreceiverevisedsheetsand supplementary 

data on new types, as they are introduced. 

Please write for details to: 

Mullard 

v: 
iii 

MULLARD LIMITED 
DEPARTMENT C 
MULLARD HOUSE, TORR1NGTON PLACE 
LONDON, W.C.I MVM 1913 
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7 VALVE AM/FM RADIOGRAM CHASSIS 
Three Waveband & Switched Gram positions. Med. 200-550m. Long 1,000- 2,000m. VHF/FM 88-95 Mc/s. Phillips Continental Tuning insert with perme- ability tuning on FM & combined AM/FM IF transformers. 460 kc/s and 10.7 Mc/s. Dust core tuning all coils. Latest circuitry including AVC & Neg, Feedback. 3 watt output. Sensitivity and reproduction of a very high standard. Chassis size I3i"x 6^". Height 1\". Edge illuminated glass dial I Vert, pointer Horiz. station names. Gold on brown background. A.C. 200/250V operation. Magic-eye tuning. Circuit diag. now available. 

Valve line-up ECC85, ECH8I EF89, EABC80, EL84 EMS I, EZ80 

Aligned and 

ANOTHER TAPE RECORDER BARGAIN 
Manufacturers' end of production Surplus Offer 

A 24 gns. Tape Recorder offered at the bargain price of only 15 gns. plus 10/- carr. Supplied in 3 Units already wired and tested. A modern Circuit for quality recording from Mike Gram or Radio, using latest B.S.R. Twin Track Monardeck Type TD2. Valve line-up—EF86, ECL82, EM84, EZ80 and Silicon Diode. Send for detailed list— 3d. stamp. 
Completed Kit comprising items below 
BARGAIN PRICE 1 5 GllS. c"Jr 

2-tone Cabinet and 8" x 5" Speaker. Size 14" X lOi" x 7y ... ... ... ... ... £3 10 0 + 51- Carr Wired Amplifier complete with 4 Valves, front Panel, Knobs, etc  £5 15 0 4- 3/6 Carr 
B.S.R. Monardeck Type TD2   £7 7 0 + 4 6 §£ Accessories: Mike, Tape, empty Reel, screen- ed Lead and Plugs, Instructions, etc.... ... £| 0 0 4- 2/- Carr. 

Jack Plugs. Standard 2i" Igranic Type, 2/6. Screened Ditto, 3/3. Miniature scr. li", 2/3. Sub-min. 1/3. 
Jack Sockets. Open Igranic Moulded Type, 3/6. Closed Ditto, 4/-. Minia- ture Closed Type, 1/6. Sub-min. (deaf aid) ditto, 1/6. Stereo Jack Sockets, 3/6. Stereo Jack Plugs, 3/6. 
Phono Plugs, 9d. Phono Sockets (open), 9d. Ditto (closed), I/-. Twin Phono Sockets (open), 1/3. 
Grundig Continental. 3 p. or 5 p. plug, 3/6. Sockets, 1/6. 

Soldering Irons. Mains 200/220V 
or 230/250V. Solon 25 watt Inst., 
22/6. Spare E'ements, 4/6. Bits, 1/- 
65 watt, 27/6 etc. 
Alumin. Chassis. 18g. Plain 
Undriiled, folded 4 sides, 2,, deep, 
6" x 4", 4/6, 8" x 6". 5/9, 10"x 7". 
6/9, 12" x 6". 7/6, 12" x 8", 8/- etc. 
Alumin. Sheet. 18g. 6" x 6", 1/-, 
6" x 9". 1/6, 6" x 12", 2/-. 12" x 12". 
4/6 etc. 

RECORDING TAPE Famous American Columbia (CBS) Premier 
quality tape at NEW REDUCED PRICES. A genuine recommended Quality l ape—TRY IT Brand new, boxed and fully guaranteed. Fitted with leader and stop foils. 

Standard Double Play 5" 600' 13/- 1,200' Si" 900' 16/- 1,800' 7" 1.200' 21/- 2,400' 
Post & Package per reel, additional reels. 

31/6 37/6 47/6 

Long Play 900' 17/6 1,200' 19/6 1,800' 28/6 
I/- plus 6d. each for 

SPECIAL OFFER. 3" Mes- sage tape 150', 3/9; 3" L.P. 225', 4/9; 3" D.P. 300', 6/6. P. & P. per reel 6d. 
TAPE REELS. Mnfrs. sur- plus 7", 2/3; Si", 2/-; 5". 2/-; 3", 1/3; Plastic spool contain- ers, 5". 1/9; 5i". 2/-; 7". 2/3. 

Bo»d VALVES Reduced Bargain Prices 
IT4 3/6 EF80 7/6 PCF80 8/ 1R5 i::r8S 8/6 PCL83 10/6 I S5 EL33 12/6 PCL84 10/ 3S4 12/6 PCL85 11/6 3V4 EL84 PL36 10/6 EY5I 91- PL81 9/6 EY86 PL83 EZ80 71- PY33 10/6 EZ81 7 - PY82 7 - GZ32 9/6 U25 10/6 PCC84 UL84 91- 

ECC8I 71- ECC82 71- ECC83 71- ECL80 91- ECL82 10/- ECL86 10/6 

Electrolytics All 
TUBULAR 1/9 25/25V 50/12V 50/50V 100/25V 81450V 41350V 16 4- I6/450V 5/6 32 4-32/450V 6/6 1000/25V 3/9 Ersin Multicore per yard. Cartons 

1/9 H- V- 2/3 2/3 

Types New Stock 
CAN TYPES 8 +8/450V 4/6 I6 4-I6/450V 5/6 32 +32/275V 4/6 50+50/350V 6/6 60+250/275V 12/6 100+300/275V 12/6 2000+4000/6V 3/6 Solder 60/40, 4d. 2/6, etc. 

DE LUXE R/PLAYER KIT 
Incorporating 4 Speed Garrard Auto-Slim unit and Mullard latest 3 watt printed circuit amplifier (ECL 86 
a?> ^ vo'Hrne> b355 and treble controls, with 8 x 5' 10,000 line speaker. Superb quality repro- duction. Contemporary styled two-tone cabinet, charcoal grey and off-white with matching blue relief. Size: I7's"x 16" x 8". 

COMPLETE KIT £13.19.6 Carr. & ins. 10/-. 
Illuminated Perspex escutcheon. 7/6 extra. Ready wired 30/- extra. 4 Contemporary legs (6" or 13") 12/6 per set. Catalogue & construction details 2/6 (free with k 
STANDARD RECORD PLAYER KIT Using BSR UAI4 Unit, complete kit £11.10.0, carr. 7/6. Ready wired Amplifier, 7" x 4" quality Speaker and O/P trans., £3.19.6, carr. 2/6. B3R UAI4 Unit. £6.10.0, carr. & ins. 5/—. Rexine covered cabinet in two-tone maroon and cream, size I5j"x 14^" x 8i" with all accessories plus uncut record player mounting board 14" x 13", 59/6, carr. & ins. 5/-. 

6 VALVE AM-FM TUNER UNIT 
Med. and VHF 190m—550m, 86 Mc/s—103 Mc/s, 6 valves and metal rectifier. Self-contained power unit, A.C. 200/250V operation. Magic-eye indicator, 3 push-button controls, on/off, Med., VHF. Diodes and high output Sockets with gam control. Illuminated 2-colour perspex dial I Ii"x4", chassis size I lf"x 4" xSi". A recommended Fidelity Unit for use with Mullard "3-3" or "5-10" Amplifiers. Available only at present as built-up units, aligned and tested ready for use. Bargain Price £12.10.0. Carr. 5/—. V7e hope to produce this popular unit in kit form very shortly. 

id Carr. & ready for £13,10.0 
Wlt^ ^ knobs—walnut or ivory to choice. Indoor FM aerial 3/6 ex. 3Q sPe,fker on|y required. Recommended Quality Speakers 10" Rola, 27/6. \3i x 8 E.M.I. Fidelity, 37/6. 12" R.A. with conc. Tweeter, 42/6. Carr. 2/6. 

Volume Controls—5K-2 Meg- ohms, 3" Spindles Morganite Midget Type. Ii-"diam. Guar. I year. LOG or LIN ratios less Sw. 3/-. DP. Sw. 4/6. Twin Stereo less Sw. 6/6. D.P. Sw. 9/6 (100 k. to 2 Meg. only), i Meg. VOL Controls D.P, Sw. i" flatted spindle. Famous Mfrs. 4 for 10/- post free. 

COAX 80 OHM CABLE 
High grade low loss Cellular air spaced Polythene — i" diameter. Stranded cond. Famous mfrs. Now only 6d. per yard. 
Bargain Prices—Special lengths: 20 yds. 9/-. P. & P. 116. 40 yds. 17/6. P. & P. 2/-. 60 yds. 25/-. P. & P. 3/-. Coax Plugs I/-, Sockets I/-. Couplers 1/3. Outlet Boxes 4/6. 

Condensers—S/Mica all values 2pF to l,000pF 6d. Ditto Ceramic 9d. each, .005, .01 and .1, etc., I/-. Paper Tubular 450V .001 mfd to .01 mfd and .I/350V 9d. .02-.I mfd I/-, .25 mfd 1/6, .5 mfd 1/9. 
Close Tol. S/Micas—10% 5pF-500pF 8d. 600-5,OOOpF I/-. 1% 2pF-IOOpF 9d. l00pF-500pF lid. 575pF-5,OOOpF 1/6. Resistors—Full Range 10 ohms- 10 megohms 20% i and ^-W 3d., ditto 10% 4d., iW 5d. (Midget type modern rating) IW 6d., 2W 9d. Hi-Stab 5% i—iW 100 ohms I megohm 6d. Other values9d. l%iWI/6. W/W Resistors 25 ohms to I0K5W 1/3, I0W 1/6, I5W 2/-. Pre-set T/V Pots. W/W 25 ohms-50K 3/-. 50K-2 Meg. (Carbon) 3/-. 
Speaker Fret—Expanded gilt ano- dised metal i" x i" diamond mesh, 4/6 sq. ft., multiples of 6" cut. Max. size, 4ft. x 3fc. 47/6. Carr. extra. Ditto, finer mesh, 4/6 sq. ft. Multiples 12" only, max size 3ft x 2ft. 27/6. Plus Carr. 
TYGAN FRET (contemp. pat.) 12" x 12" 2/-, 12" x 18" 3/-. 12" x 24" 4/-. 18" x 18" 4/6, etc. 
BONDACOUST Speaker Cabinet Acoustic Wadding, superior grade, I" thick, 18" wide, any length cut 2/3 per ft, 6/- per yd. 

ENAMELLED COPPER WIRE— ilb reels, I4g-20g. 2/6; 22g-28g, 3/-; 36g-38g, 4/3; 39g-40g. 4/6, etc. 
TINNED COPPER WIRE—l4-22g. 2/6 i lb. 
PVC CONNECTING WIRE—10 colours (for chassis wiring, etc.)—Single or stranded conductor, per yd., 2d. Sleeving, I mm. and 2mm., 2d. yd., etc. 
KNOBS—Modern Continental types: Brown or Ivory with Gold Ring, I" dia., 9d. each; I}", I/- each; Brown or Ivory with Gold Centre, I "dia., lOd. each; l|" 1/3 each. LARGE SELECTION AVAILABLE 

TRANSISTOR COMPONENTS 
Midget I.F.'s—465 kc/s iV" diam. 5/6 Osc. Coil—tV' diam. M/W. 5/3 Osc. coil M. & L.W. 5/9 Midget Driver Trans. 3.5:1 6/9 Ditto O/Put Push-pull 3 ohms 6/9 
Elect. Condensers—Midget Type 15V lmfd-50mfd, ea. 1/9. lOOmfd. 2/-. 
Ferrite Aerial—M. & L. W. with car aerial coupling coil, 9/3. 
Condensers—150V. wkg. .01 mfd. to .04 mfd., 9d. .05 mfd., .1 mfd., I/-. .25 mfd., 1/3. .5 mfd,, 1/6, etc. 
Tuning Condensers. J.B. "00" 208 + l76pF, 8/6. Ditto with trimmers, 9/6. 365pF single, 7/6. Sub-min. i" DILEMIN lOOpF, 300pF, 500pF, 7/-. 
Midget Vol. Control with edge control knob, 5kfl with switch, 4/9, ditto less switch, 3/9. 
Speakers P.M.—2" Plessey 75 ohms, 15/6. 2-^" Continental 8 ohms, 13/6. 7" x 4" Plessey 35 ohm, 23/6. 
Ear Plug Phones—Min. Continental type, 3ft, lead, jack plug and socket. High Imp. 8/-. Low Imp., 7/6. High sensitivity M/coil 8-10 ohms, 12/6. 

JASON FM TUNER UNITS Designer-approved kit of parts: 
FMTI, 5 gns. 4 valves, 20/-. FMT2, 7 gns. 5 valves, 35/-. JTV MERCURY 10 gns. 3 valves, 22/6. J T V2 £ 13.19.6. 4 valves, 28/6. NEW JASON FM HAND- BOOK, 2/6. 48 hr. Alignment Service 7/6. P. & P. 2/6. 

En 
1946 

MULLARD "3—3" & "5—10" HI-FI AMPLIFIERS 
3 OHM AND 15 

OHM OUTPUT 
"3-3" Amp. 3-valve, 3 watt, Hi-Fi quality at reasonable cost. Bass Boost and Treble controls, quality sectional output trans- former, 40 c/s-25 kc/s ± IdB. lOOmV for 3W, less than 1% distortion. Bronze escutcheon panel. 
Complete Kit only £6.19.6. Carr. 5/-. Wired and tested 8 gns. 
MULLARD "5-10" AMPLI- FIER—5 valves I0W, 3 and 15 ohms output. Mullard's famous circuit with heavy duty ultra-linear quality output tfr. 

Basic amplifier kit price £9.19.6. Carr. 7/6. Ready built 11+ gns. 
CONTROL PANEL KIT Bass, Treble and Volume controls with 4-position selector switch for radio, tape and pick-up and I I" x 4" escutcheon panel. 
Amplifier Kit and Control Panel Kit £11.19.6. Ditto ready wired £14.19.6. 
2-VALVE PRE-AMP. UNIT Based on Mullard's famous 2-valve (2 x EF86) circuit with full equalisation with volume, bass, treble, and 5-position selector switch. Size 9" x 6" x 2i". 
Complete Kit £5.19.6. Carr. 3/6. Ready built £7.19.6. 

Send for detailed bargain lists, 3d. stamp. We manu- facture all types Radio Mains Transf. Chokes, Quality O/P Trans., etc. Enquiries invited for Specials, Proto- types for small production runs. Quotation by return. 
RADIO COMPONENT SPECIALISTS 
70 Brigstock Road, Thornton Heath, Surrey THO 2188. Hours; 9 a.m.—6.m., I p.m. Wed. Terms C.W.O. or C.O.D. Post and Packing up to i lb. 9d., I lb. 113,31b. 2/3, 51b. 219.81b. 316. 
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HI-FI AMPLIFIERS RECORD PLAYERS RADIO TUNERS 

S-33 

GOLDRING LENCO TRANSCRIPTION PLAYER. Model 
GL-58. With G-60 pick-up arm and Ronette 105 cartridge. £20.1.3 

incl. P.T. 
GARRARD AUTO/RECORD PLAYER. Model AT.6. With 
R 105 cartridge £13.12.1 Decca Deram pick-up £14.6.1 incl. P.T. 
HI-FI MONO AMPLIFIER. Model MA-5. A general purpose 5W 
Amplifier, with inputs for Gram., Radio. Presentation similar to S-33 

. Kit £10.19.6 Assembled £15.10.0 
HI-FI MONO AMPLIFIER. Model MA-12. 12W output, wide 
freq. range, low distortion. Kit £11.18.0 Assembled £15.18.0 
R.P.M. INDICATOR (Electronic Rev. Counter). A must for the 
motoring en|ausiast. For 4 cylinders, pos. or neg. earth. 12V. Send 
for details. 

& 

(Assembled only) £8.19.0 ^ 

MA-12 

HI-FI 6W STEREO AMPLIFIER. Model S-33. 3 watts per channel 0.3% 
distortion at 2.5W/chnl., 20dB N.F.B. Inputs for Radio (or Tape) and Gram, 
Stereo or Monaural, ganged controls. Kit £13.7.6 Assembled £18.18.0 
DE LUXE STEREO AMPLIFIER. Model S-33H. De luxe version of the 
S-33 with two-tone grey perspex panel, and higher sensitivity necessary to 
accept the Decca Deram pick-up. Kit £15.17.6 Assembled £21.7.6 
m-FI STEREO AMPLIFIER. Model S-99. 18W output. Ganged controls. 
Stereo/Mono gram., radio and tape inputs. Push-button selection. Printed 
circuit construction. Kit £27.19.6 Assembled £37.19.6 
POWER SUPPLY UNIT. Model MGP-l. Input 100/120V, 200/250V. 
40-60 c/s. Output 6.3V, 2.5A A.C. 200, 250, 270V, 120mA max. D.C. 

Kit £5.2.6 Assembled £6.12.6 
A wide range of American equipment available under direct mail order scheme. 
Full details and catalogue 1/- post paid. 

TAe Symbol of txtra Quality, Service, 

INSTRUMENTS 
DE LUXE LARGE-SCALE VALVE VOLT- 
METER; Model IM-I3U. Circuit and speci- 
fication based on the well-known model V-7A but 
with many worth-while refinements. 6" Ernest 
Turner meter. Unique gimbal bracket allows 
operation of instrument in many positions. Modern 
styling. Kit £18.18.0 Assembled £26.18.0 
AUDIO SIGNAL GENERATOR. Model AG-9U 
10 c/s to 100 kc/s, switch selected. Distortion less than 
0.1%, I0V sine wave output metered in volts and dB's. 

Kit £22.10.0 Assembled £30.10.0 
VALVE VOLTMETER. Model V-7A. 7 voltage ranges 
d.c. volts to 1,500. A.c. to 1,500 r.m.s. and 4,000 peak 
to peak. Resistance 0.1Q to 1,000MC5 with internal battery. 
D.c. input impedance 11MQ. dB measurement, has centre-zero scale. Complete with test prods, lead and 
standardising battery. 

Kit £13.18.6 Assemble^! £19.18.6 
MULTIMETER. Model MM-1U. Ranges 0-1.5V to 
1,500V a.c. and d.c.; ISOpA to 15A d.c.; 0.2^ to 20MQ. 
4^" 50{i.A meter. Kit £12.18.0 Assembled £18.11.6 
R.F. SIGNAL GENERATOR. Model RF-1U. 
Up to 100 Mc/s fundamental and 200 Mc/s on 
harmonics. Up to lOOmV output. 

Kit £13.8.0 Assembled £19.18.0 
T.V. ALIGNMENT GENERATOR. Model 
HFW-1. Offers max performance at lowest cost. 
Covers 3.6 to 220 Mc/s fundamentals. Elec- 
tronic sweep 

IM-13U 

V-7A 

10-12U 

m 

oscillators. Built in marker 
generators (5 Mc/s crystal). 

£34.18.0 Kit 
£44.10.0 Assembled 

RF-1U 

HFW-I 

S-3U 

5" GENERAL-PURPOSE LABORATORY OSCIL- 
LOSCOPE. Model IO-12U. This outstanding oscil- 
loscope, with its professional specification and styling, 
fulfils most laboratory and service requirements. Vertical 
frequency response 3 c/s to over 4.5 Mc/s, sensitivity 
lOmV r.m.s. per cm. at 1 kc/s. T/B covers 10 c/s- 
500 kc/s. Kit £32.12.6 Assembled £41.10.0 
21" PORTABLE SERVICE 'SCOPE. Model OS-1. This 
is a light, compact oscilloscope, ideal for servicing, etc. 
Dimensions 5" x 8" x 141" iong. Wt. 1011b. Fitted mu- 
metal CRT shield. Kit £22.18.0 Assembled £30.8.0 

ELECTRONIC SWITCH. Model S-3U (Oscilloscope 
Trace Doubler). Enables a single beam oscilloscope to 
give simultaneous traces of two separate and independent 
signals. Switching rates approx. 150, 500, 1,500, 5,000 
and 15,000 c/s. Sig. freq. response 0-100 kc/s. ^IdB. 
Separate gain controls and sync, output. Sig. input range 
0.1-1.8V r.m.s. Kit £12.18.0 Assembled £18.10.0 

FOR THE MUSIC MAKER 
PA AMPLIFIER PA-1. The 
ideal compact unit for VOCAL- 
ISTS, INSTRUMENTALISTS, 
RECORDS, with 50 Watt out- 
put, 2 Heavy Duty Speakers. 
Variable TREMOLO. Elegant 
modern cabinet. Kit £54.15.0 

Assembled £74.0.0 
Legs optional extra 17/6 set of 4 
POWER AMPLIFIER MA-SO 
SOW output. Kit £19.18.0 

Assembled £27.18.0 

ELECTRONIC ORGAN 
(Transistorised.) Ideal for Soloists, Home use, Groups. FULL 20 
WATTS VOLUME £187.10.0 Matching bench £14.10.0 extra 

PA 

TRANSISTOR RADIOS 
"OXFORD" LUXURY PORTABLE. 
Model UXR-2. Specially designed for use 
as a domestic, car or personal portable 
receiver. Many features, including solid 
leather case. Kit £14.18.0 incl. P.T. 

TRANSISTOR PORTABLE. Model UXR- 
1. Pre-aligned I.F. transformers, printed 
circuit. Covers L.W. and M.W. Has 7" 
x 4" loudspeaker. Real hide case. 

Kit £12.11.0 incl. P.T. 

JUNIOR EXPERIMENTAL WORKSHOP. 
Model EW-1. More than a toy! Will make 
over 20 exciting electronic devices, incl: 
Radios, Burglar Alarms, etc. 72 page Manual. 
The ideal present! Kit £7.13.6 incl. P.T. 

JUNIOR TRANSISTOR RADIO. Model 
UJR-1. Single transistor set. Excellent 
introduction to radio. Kit £2.7.6 incl. P.T. 

UXR-2 

UXR-1 

UJR-1 

EXHIBITION and DEMONSTRATION 
of hi-fi equipment, at the Grand Hotel, Southampton 
Row, W.C.I, 21-25 April, 1965 (concurrent with the 
Audio Festival). Our technical advisory staff will be 

^ available to answer questions, etc. 
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TAPE AMPLIFIERS——TAPE DECKS——CONTROL UNITS — 

FM-4U MAGNAVOX 

♦ 
HI-FI FM TUNER. Model FM-4U. Also available in two units. R.F. 
tuning unit (£2.15.0 incl. P.T.) with I.F. output of 10.7 Mc/s, and amplifier 
unit, with power supply and valves (£13.3.0). Total Kit £15.18.0 
TAPE RECORDING/PLAYBACK AMPLIFIER. Thermometer type 
recording indicators, press-button speed compensation and input selection. 
Mono Model TA-1M. Kit £19*18.0 Assembled £28.18.0 
Stereo Model TA-IS. Kit £25.10.0 Assembled £35.18.0 
MONO CONTROL UNIT. Model UMC-1. Designed to work with the 
MA-12 or similar amplifier requiring 0.25V or less for full output. 5 inputs. 
Baxandall type ^controls. Kit £8.12.6 Assembled £13.12.6 
STEREO CONTROL UNIT. Model USC-1. Push-button selection, 
accurately notched ganged controls to i IdB. Rumble and variable low- 
pass filters. Pfmted circuit boards. Kit £19.10.0 Assembled £26.10.0 

TRUVOX AM/FM 

MAGNAVOX "STUDIO" TAPE DECK. The finest buy in its price 
range. Operating speeds: IJ", 31" and 71" p.s. Two tracks, "wow" 
and "flutter" not greater than 0.15% at 71" p.s. £14.19.6 

TRUVOX D-93 TAPE DECKS. High quality stereo/mono tape 
decks. 
D93/2, i track, £36.15.0 D93/4, 1 track, £36.15.0 

HI-FI AM/FM TUNER: Model AFM-1. Available in two units 
which, for your convenience, are sold separately. Tuning heart 
(AFM-T1—£4.13.6 incl. P.T.) and I.F. amplifier (AFM-A1— 
£21.16.6). Printed circuit board, 8 valves. Covers L.W., M.W., 
S.W., and F.M. Built-in power supply. Total Kit £26.10.0 

High-Performanceat no 

SPEAKER SYSTEMS 
HI-FI SPEAKER SYSTEM. Model SSU-1. 
Ducted-port bass reflex cabinet "in the 
white". Two speakers. Vertical or horizontal 
models with legs, Kit £11.12.0» without 
legs, Kit £10.17.6 inch P.T. 

COTSWOLD "MFS" SYSTEM. Specially 
developed to give best possible results in 
small rooms. This minimum floor space 
model is based on standard Gotswold. Size: 
36" high x 16^" wide x 14i" deep. 

Kit £23.4.0 Assembled £30.15.0 

THE "COTSWOLD". This is an acoustic- 
ally designed enclosure 26" x 23" x 15^" 
housing a 12" bass speaker with 2" speech 
coil, elliptical middle speaker together with 
a pressure unit to cover the full frequency 
range of 32-20,000 c/s. Capable of doing 
justice to the finest programme source, its 
polar distribution makes it ideal for really 
Hi-Fi Stereo. 

Kit £23.4.0 Assembled £30.15.0 

SSU-1 

: 

llllllllllllilllililil lillliillillillililllilllililllllllllilllilli 

HI-FI CABINETS 
A wide range of equipment cabinets 
is available to meet the diffqring 
needs of enthusiasts. Designed for 
max. operating convenience or for 
where room space is an overriding 
consideration, this range includes 
kits, ready assembled cabinets or 
fully finished cabinets, and has at 
least one model to suit your require- 
ments. Send for full details. 

Prices from £7.15.0 to £44.2.0 
incl. P.T. 

SEND FOR FREE BRITISH 
HEATHKIT CATALOGUE 

2 American catalogue also available 1/- post paid 

Deferred terms available in U.K. over £10. 
Extended terms over £75. Send for details. 

ift 

MALVERN 

DAYSTR0M LTD 
DEPT. RC. 4 
GLOUCESTER 

"AMATEUR" EQUIPMENT 
AMATEUR BANDS RECEIVER. Model 
RA-1. To cover all the Amateur Bands 
from 160-10 metres. Many special features, 
including: half-lattice crystal filter; 8 valves; 
signal strength "S" meter; tuned R.F. 
Amp. stage. 

Kit £39.6.6 Assembled £52.10.0 
THE "MOHICAN" GENERAL COVER- 
AGE RECEIVER. Model GC-1U. With 
4 piezo-electric transfilters, variable tuned 
B.F.O. and Zener diode stabiliser, this is 
an excellent fully transistorised general 
purpose receiver for Amateur and Short 
wave listeners. Printed circuits, telescopic 
aerials, tuning meter and large slide-rule dial 

Kit £37.17.6 Assembled £45.17.6 
160-10M TRANSMITTER. Model DX- 
100U. Careful design has achieved high 
performance and stability. Completely 
self-contained. 

Kit £79.10.0 Assembled £104.15.0 
COMMUNICATIONS 

RA-1 

1 

RG-1 

HM-11U 

  TYPE RECEIVER. Mode 
RG-1. A high performance, low cost receiver for the 
discriminating listener. Frequency coverage: 600 kc/s- 
1.5 Mc/s and 1.7 Mc/s-32 Mc/s. 

Kit £39.16.0 Assembled £53.0.0 
REFLECTED POWER METER. Model HM-11U. 
And SWR Bridge indicates reliably, but inexpensively, 
whether the RF power output of your TX is being 
transferred efficiently to radiating antenna. 

Kit £8.5.0 Assembled £10.10.0 

AMERICAN HEATHKIT "AMATEUR" EQUIPMENT 
A wide range of American Amateur SSB equip- 
ment is now available in the U.K. Why not send 
for full details of range, for example: 

80-10M RECEIVER. Model SB-300E. 
Of advanced design employing up-to-date con- 
struction techniques, its specification ensures 
unparalleled performance. 
Kit £133.14.0 (less speaker) + 15% import levy 

Without obligation please send me 
FREE BRITISH HEATHKIT CATALOGUE 
FULL DETAILS OF MODEL(S)   
(Please write in BLOCK CAPITALS) 
NAME     
ADDRESS   

SB-300E 
  

(Tick here) 

DEPT. RC.4 
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THE MODERN BOOK CO 

Transistor Substitution Handbook 
Pub. Foulsham. 12s. 6d. Postage 9d. 
TV Fault Finding 
A Data Publication. 6s. Postage 6d. 
Experimental Recording for Beginners Pt. 1 
By A. Tutchings. 5s. Postage id. 
Sound and Cine for Beginners 
By R. Golding. 7s. 6d. Postage 6d. 
Stereo for Beginners 
By B. J. Webb. 7s. 6d. Postage 6d. 
Cabinet Making 
By W. Smith. 7s. 6d. Postage 6d. 
Electric Motors 
By A. J. Coker. 8s. 6d. Postage 6d. 
Science Projects in Electronics 
By E. M. Noll. 24s. Postage 1s. 
Radio Valve Data 7th Ed. 
Compiled by W.W. 7s. 6d. Postage 10d. 

Radio Amateur Handbook 1965 
By A.R.R.L. 40s. Postage 2s. 3d. 
Understanding Transformers and Coils 
By E. J. Bukstein. 16s. Postage Is. 
Practical Oscilloscope Handbook 
By R. P. Turner. 25s. Postage 1s. 
Radio Service Training Manual 
By E. F. Rice. 30s. Postage Is. 
Understanding Television 
By J. R. Davies. 37s. 6d. Postage Is. 6d. 
World Radio TV Handbook 1965 
26s. Postage 1s. 
Introduction to Electronics and Tele- 
communications 
By G. L. Hodkinson. 25s. Postage 1s. 
Wireless and Electrical Trader Year Book 
1965. 27s. 6d. Postage Is. 
Amateur Radio Call Book 
By R.S.G.B. 1965 5s. Postage 6d. 

AN IMPORTANT ANNOUNCEMENT 

DENCO (CLACTON) LIMITED OLD ROAD CLACTON-ON-SEA ESSEX 

Fifteen Years Ago (1950) our Octal Plug In Coils Blue-Yellow-Red-White retailed at 4s. 1d. each and the Green 
at 5s. 1d. Today they are the same price, 4s. 1d. each, and the Green even lower at 4s. 9d. Anyone of the 
thousands of home constructors and industrial users will confirm the great technical and mechanical improvements 
that have also been made on these coils. 
Fifteen Years Ago (1950) our IFT.8 Transformers 465 kc/s and 1.6 Mc/s sold at 9s. 9d. each. Today these are 
known as IFT.11 465 kc/s and 1.6 Mc/s selling at one-third less, 6s. 6d. each, they are more robust, more accurate 
and spot-on aligned. And so we can go on and on with very many static-priced improved products. 
Fifteen Years Ago we sold a simple Spot Frequency 465 kc/s and 1.6 Mc/s Alignment Oscillator known as the 
DAO.1 at £2.7.6. Today we sell an almost fantastic improvement known as the MTO.1 Modulated Test Oscillator 
with two ranges continuously variable through the 170-475 kc/s and 550-1,600 kc/s frequencies, at least three 
times the value but at the low price of £3.17.6. 
During this 15 years wages have more than trebled, Local Council Rates have multiplied five times, Nationalised 
"Services" Gas-Electricity-Transport, Road, Rail and Post, and General Taxation have gone up "Sky High". 
This is the sort of thing our Chancellor of the Exchequer is asking for and an achievement on which we are 
justifiably proud, brought about on your behalf by our constant watch on improved materials available, improved 
designs and modern economic tooling methods. 
Our General Catalogue which fully illustrates our range of productions is priced at 1s. 6d. inclusive of postage, 
and in the interest of continued economy and price stability we shall appreciate a stamped addressed envelope with 
all requests for assistance or information on particular components. 

ARTHUR W. ALLWRIGHT 
Managing Director 

Complete Catalogue 1s. 
We have the Finest Selection of English and American Radio Books in the Country 
19-21 PRAED STREET (Dept RC) LONDON W2 

Telephone PADdington 4185 
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(MANCHESTER) LTD. 

MAIL ORDERS TO: 
ROOM 7, 

54 WELLINGTON ST., 
LEEDS 1. 

Terms C.W.O. or C.O.D. No C.O.D. 
under £1. Postage 2/9 extra under £2. 
4/6 extra under "£5. Trade Supplied. 
S.A.E. with all enquiries, please. Personal 
shoppers welcomed at any of the branches 
below. Open all day Saturday. 
BRADFORD 54'S6 MorleyStreet Ot\i\Ur\Jt\U (Half-day Wednesday) 
RPKTOI ^ Lower Castle Street I V/L Half-day Wednesday 

BIRMINGHAM 30/31 Gt. Western 
Arcade, opp. 

(No half-day) Snow Hill Station 
HPRRY 2.6 Osmaston Rd., The Spot ' (Half-day Wednesday) 
DAR^jTI 

EDlNBl 

NGTON 13 Post House 
nuiwn Wynd (Half-day 

Wednesday) 
EDINBURGH 
GLASGOW 

133 Leith Street 
(Half-day Wed.) 

326 Argyle Street 
(No half-day) 

Ullll 51 Savile Street (Half-day Thursday) 
I FITF^TFR 32 H'gh Street 

^ I CI\ (Half-day Thursday) 
I FFH^ 5-7 County (Mecca) Arcade 

(No half-day closing) 
LIVERPOOL 73 Dale Street LalfCIVrUUL (No half-day closing) 
I ON DON 23^ Edgware Road LA/llKSVIl (Half-day Thursday) 
MANCHESTER haf-y, 
Callers welcome at our extensive new 
premises at 60A/60B Oldham Street 
MIDDLESBROUGH 
106 Newport Road (Half-day Wed.) 

SHEFFIELD 13 Exchange Street. 
Castle Market Bldgs. 
(Half-day Thursday) 

EX-GOV. 2V ACCUMULATORS. 16 A.H. Size 7" x 4" x 2". Brand New, ^10 Three for 12/6. Carr. 5/-. each "/* 
JASON FMTI V.H.F./F.M. Radio Tuner design. Total cost of parts including valves. Tuning Dial, Escutcheon, etc., £6.19.6. 

12 in. 10-WATT HIGH QUALITY 
LOUDSPEAKER 

In walnut veneered cabinet. Gauss 12,000 lines. Speech coil 3 ohms or 15 ohms. 
Onjy £4.19.6 Carr. 5/- Terms: Deposit 11/3 and 9 monthly payments of 11/3 (total £5.12.6). 

12" 20-Watt HI-FI LOUDSPEAKERS 
IN CABINETS. Size 18" x 18" x 10". 
Finish as above. £7.19.6 Carr. 8/6. Terms: Deposit 17/9 and 9 monthly payments of 17/9 (total £8.17.6). 

BASS-MAJOR 30 WATT AMPLIFIER 
A MULTI-PURPOSE HIGH FIDELITY, HIGH OUTPUT UNIT FOR VOCAL AND INSTRUMENTALIST GROUPS 

Eminently suitable for bass, lead or rhythm guitar 
and all other musical instruments 

if- Incorporating two 12" heavy duty 25-watt high flux (17,000 lines) loud- speakers with 2" diameter speech coils. Designed for efficiently hand- ling full output of amplifier at fre- quencies down to 25 c.p.s. 
if Dual Cone in 2nd speaker repro- duces frequencies up to 17,000 c.p.s. 
if Heavily made cabinet of con- venient size 24" x 21" x 14" has an exceptionally attractive covering in two contrasting tones of Vynair. ★ For 200-250V, 50 c.p.s., A.C. Mains operation. 
ir Four jack socket inputs and two independent volume controls for 

 r 
simultaneous connection of up to four instrument pick-ups or microphones. 
if Separate bass and treble controls providing more than adequate "Boost" or "Cut". 
if LEVEL frequency response throughout the audible range. 
* SUPERIOR TO UNITS AT TWICE THE COST. 
Send S.A.E.for leaflet OR DEPOSIT of £4.3.0 and 12 
<IJjL (Z nC monthly pay- w Q ments of £3.8.4 

Carr. 17/6. (Total 43 gns.) 
HIGH FIDELITY 12-14 WATT AMPLIFIER TYPE All 

PUSH-PULL ULTRA LINEAR OUTPUT "BUILT-IN" 
TONE CONTROL PRE-AMP STAGES 

Two input sockets with associated controls allow mixing of "mike" and gram., as in A10. High sensitivity. Includes 5 valves, ECC83, ECC83, EL84, EL84, EZ8I. High Quality sectionally wound output transformer specially designed for Ultra Linear operation and reliable small condensers of current manufacture. INDIVIDUAL CONTROLS FOR BASS AND TREBLE "Lift" and "Cut". Frequency response—3dB 30-30,000 c/s. Six negative feedback loops. Hum level 60dB down. ONLY 23 millivolts INPUT required for FULL OUTPUT. Suitable for use with all makes and types of pick-ups and microphones. Comparable with the very best designs for STANDARD or LONG PLAYING RECORDS. For MUSICAL INSTRUMENTS such as STRING BASS, LEAD OR RHYTHM GUITARS, etc. OUTPUT SOCKET with plug provides 300V 3UmA, and 6.3V I.5A for supply of a Radio Feeder Unit. -Size approx. 12" x 9" x 7". For A.C. ^ mains 200-250V 50 c.p.s. Output for 3 and I5D speaker. Kit is complete to last nut. Chassis is fully X figSC punched. Full instructions and point-to-point wiring diagram supplied Only w 

(This unit can be supplied factory built and fully guaranteed for £10.19.6) Carr. 10/-. If required louvred metal cover with 2 carrying handles can be supplied for 18/9. TERMS ON ASSEMBLED UNITS. DEPOSIT 25/- and 9 monthly payments of 25/- (total £12.10.0). Send S.A.E. for illustrated leaflet detailing Cabinets, Speakers, Microphones, etc., with cash and credit terms. 
R.S.C. 4/5 WATT AS HIGH-GAIN AMPLIFIER A highly-sensitive 4-vaIve quality amplifier for home, small club, etc. Only 50 millivolts input for full output so is suitable for use with latest High-fidelity Pick-up heads and all other types of pick-ups and nearly all "mikes". Separate Bass and Treble Controls give full long-playing record equalisation. Hum level negligible, 7ldB down, ISdB of Negative feedback used. H.T. of 300V 25mA and L.T. of 6.3V I.5A available for supply of Radio Feeder Unit, or Tape-Deck pre-amplifier. A.C. mains input of 200-230-250V 50 c/s. Output for 2-3 ohms speaker. Chassis not alive. Kit complete with fully punched chassis (with baseplate), Gold Hammer finish, point-to- point wiring diagrams and instructions. Only £4.15.0, or assembled ready for use 25/- extra. Plus 3/6 carr., or deposit 22/6 and 5 monthly payments of 22/6 for assembled unit. (Total £6.15.0.) 

R.S.C. CORNER CONSOLE CABINETS Polished walnut veneer finish. JUNIOR MODEL. Size 20" x I I" x 8" for 8"x 5" or 10"x 6" speakers, £2.9.9. STANDARD MODEL. Size 27" x i 8"x 12" for 8" or 10" speakers, £4.11.9. SENIOR MODEL. Size 30" x 20" x 15" for 12" Speaker. Suitable Speaker systems below. Only 7 gns. R.S.C. BASS REFLEX CABINETS, JUNIOR MODEL. Specially de- signed for W.B. HFI0I2 Speaker, but suitable for any good quality 10" speaker. Acoustically lined and por- ted. Polished walnut veneer finish. Size 18" x 12" x 10". Handsome appearance. Ensures superb reproduc- 1 tion for only £3.19.6 STANDARD MODEL. As above but for 12" speakers. Size 20" x 15" x 13". For vertical or horizontal use. £5.19.6. Set of legs with brass ferrules, 19/6. 
R.S.C. MAINS TRANSFORMERS 
FULLY GUARANTEED 
TOP SHROUDED DROP THROUGH 
250-0-250V 70mA, 6.3V 2A, 0-5-6.3V 2A 17/9 350-0-350V 80mA, 6.3V 2A, 0-5-6.3V 2A 19/9 250-0-250V 100mA, 6.3V 2A, 6.3V IA 21/9 250-0-250V 100mA, 6.3V 3.5A, C.T. 19/9 250-0-250V 100mA, 6.3V 4A, 0-5-6.3V 3A 27/9 300-0-300V 130mA, 6.3V 4A, 6.3 V I A, for Mullard 510 Amplifier 33/9 300-0-300V 100mA, 6.3V 4A, 0-5-6.3V 3A 27/9 350-0-350V 100mA, 6.3V 4A, 0-5-6.3V 3A 27/9 350-0-350V 150mA, 6.3V 4A, 0-5-6.3V 3A 35/9 

FULLY SHROUDED 
250-0-250V 60mA, 6.3V 2A, 0-5-6.3V 2A, midget type 2i" x 3" x 3" 17/11 250-0-250V 100mA, 6.3V 4A. 0-5-6.3V 3A 28/9 300-0-300V 100mA, 6.3V 4A, 5V 3A 28/9 300-0-300V 130mA, 6.3V 4A, C.T. 6.3V I A, for Mullard Amplifier 35/9 350-0-350V 100mA, 6.3V 4A. 0-5-6.3V 3A 28/9 350-0-350V 150mA. 6.3V 4A. 0-5-6.3V 3A 37/9 425-0-425V 200mA, 6.3V 4A. C.T. 5V 3A 57/9 425-0-425V 200mA, 6.3V 4A, C.T., 6.3V 4A, C.T. 5V 3A 59/9 450-0-450V 250mA, 6.3V 4A, C.T. 5V 3A 69/9 

interleaved and Impregnated. Primaries 200/230/250V 50 c/s. Screened. 
OUTPUT TRANSFORMERS 
Midget Battery Pentode 66:1 for 3S4, etc. 4/6 Small Pentode, 5,00052 to 3n 4/6 Small Pentode, 7/8,00052 to 3f2 4/6 Standard Pentode, 5,0000 to 30 5/9 Standard Pentode, 7,0000 to 30 5/9 10,0000 to 3 O 5/9 Push-Pull 8 watts, EL84 or 6V6, to 30 or matched to ISO 9/9 Push-Pull 10-12 watts to match 6V6 or EL84 to 3-5-8 to ISO 19/9 Following types for 3 and ISO speakers: Push-Pull 10-12 watts, 6V6 or EL84 18/9 Push-Pull 15-18 watts, 6L6, KT66 22/9 Push-Pull Mullard 510 Ultra Linear 29/9 Push-Pull 20 watts, sectionally wound, 6L, « KT66, EL34, etc. 49/9 
MIDGET MAINS Primaries200-250V 50 c/s, 250V 60mA, 6.3V 2A 11/9. 250-0-250V 60mA, 6.3V 2A 12/11. Both above size 2f" x 2f" x 2i" 
FILAMENT TRANSFORMERS All with 200-250V 50 c/s primaries: 6.3 V l.5A,5/9; 6.3V 2A, 7/6; 12V I A, 7/11; 6.3V 3A, 8/11; 6.3V 6A, 17/6; 12V I.5A, twice 17/6. 
SMOOTHING CHOKES 150mA 7-IOH, 2500 11/9. 100mA I OH, 2000 8/9. 80mA I OH, 3500 5/9. 60mA I OH 400 O 4/11. 

R.S.C. 30-WATT ULTRA LINEAR 
HIGH FIDELITY AMPLIFIER AID A highly sensitive Push-Pull high output unit with self- contained Pre-amp. Tone Control Stages. Certified performance figures compare equally with most expensive amplifiers available. Hum level 70dB down. Frequency response ±3dB 30-20,000 c/s. A specially designed sectionally wound ultra linear output trans- former is used with 807 output valves. All compon- ents are chosen for reliability. Six valves are used, EF86, EF86, ECC83, 807, 807, GZ34. Separate Bass and Treble Controls are provided. Minimum input required for full output is only 12 millivolts so that any kind of microphone or pick-up is suitable. The unit is designed for Clubs, Schools, Theatres, Dance Halls or Outdoor Functions, etc. For use with Electronic Organ, Guitar, String Bass, etc. For standard or long-playing records. Output Socket provides L.T. and H.T. for Radio Feeder Unit. An extra input with associated vol. control is provided so that two separate inputs such as Gram and "Mike" can be mixed. Amplifier operates on 200-250V 50 c/s. A.C. mains and has output for 3 and 15 ohm speakers. Complete Kit of parts with fully punched chassis and point-to-point wiring diagrams || fSlfC an^ instructions. If required, perfor- %■■■»• ated cover with carrying handles can 

Carr. 10/- be supplied for 19/9. The amplifier can be supplied, factory built with EL34 output valves and 12 months' guarantee, for 14 gns. Send S.A.E. for leaflet. TERMS: DEPOSIT 34/6 and 9 monthly payments of 33/6 (total 16 gns.). Suitable mikes and speakers available at competitive prices. 
W.B. "STENTORIAN" HIGH FIDELITY P.M. SPEAKERS HFI0I2. 10 watts rating. Where a really good quality speakerat a low price is required we highly recommend this unit with an amazing performance. Only £4.12.0. Please state whether 3 ohm or 15 ohm required.   
CHARGER TRANSFORMERS 
All with 200-250V 50 c/s primaries: 0-9-15V l±A, 12/9; 0-9-15V 2A. 14/9; 0-9-15V 3A. 16/9; 0-9-15V 5A, 19/9; 0-9-15V 6A, 23/9; 0-9-15V 8A, 28/9. 
AUTO (Step up/Step down) TRANSFOR- MERS. 0-1 I0/I20-230/250V 50-80W, 13/9; 250W, 49/9; I SOW, 27/9. 
MICROPHONE TRANSFORMERS 120-1 high grade, clamped, 8/9.  
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Warldchallenging 

SINCLAIR 

X- 0 

THZ 
TIOI 

INTEGRATED 10 WATT 

AMPLIFIER AND 

PRE-AMP 

)NAL AMPLIFIER IN 
THE WORLD WITH 
P.W.M. 

NO HEAT SINK 

SIZE 

6"* 3" * 

m m 
m 

V 

V 
Vv 

V 
p 

Hi-fi quality 

for very modest outlay 
The Sinclair X-10 marks a radical departure 
from conventional amplifier design which is 
certain to influence future developments in the 
audio field enormously. Already the power and 
quality obtainable from this extremely small 
amplifier bring entirely new approaches to 
styling and housing domestic audio equipment, 
which the absence of heat sinks helps greatly. 
Leaving the X-10 user to add a tone control 
system of his own choice to the integrated pre- 
amplifier stage enables any sound input source to 

SQUARE WAVE 
GENERATOR 

USE IT LIKE 
A CONVENTIONAL 

AMPLIFIER 

be accurately matched. The X-10 has many 
other important advantages as a result of 
using Pulse Width Modulation, including 
incredibly low distortion figures, no falling 
off of higher frequencies, better transients 
and less current requirements. indeed, 
the X-10 can be satisfactorily operated 
from a couple of 4/- lantern batteries. 
THE SINCLAIR X-10 MANUAL included 
with every X-10 explains how it functions, 
and also gives tone control and stereo 
matching circuits, none of which cost more 
than a few shillings. The X-10 Manual is 
available separately, price 1/-. 

Add your own 
choice of 
tone control 

Input sensitivity 
ImV into Ikn 

Total harmonic 
distortion <0.1% 

Output up to 
10 watts into 16 n 

Operates from 
12 to 15 volts D.C. 

ro 

nn 

FEED BACK 
INTECRATOR 

BLOCK DIAGRAM 
INPUT TWO STAGE 

PRE AMP 

NPN/PNP 
compl«mantary 

pair 

NPN/PNP 
complamentary 

shows in simplified form the stages of this remarkable amplifier. Such design with its very much better standards of perform- ance is made possible by use of the very latest in transistors and high quality components. 

Available for building or ready-built 
All parts for building, including 11 tran- 
sistors, with X-10 manual and instructions 

come to 
£5.19.6 

Ready built and tested with X-10 Manual 
£6.19.6 

X-10 Power Supply Unit {ready built) 
for A.C. Mains 

£2.14.0 

FULL SERVICE FACILITIES ALWAYS AVAILABLE TO SINCLAIR CUSTOMERS 

B m 
SINCLAIR RADIONICS LTD., 
COMBERTON, CAMBRIDGE Telephone: COMBERTON 682 

582 THE RADIO CONSTRUCTOR 

www.americanradiohistory.com



Sinclair Designs 

A Long-Range Powerful Radio 

Smaller than a matchbox 

SINCLAIR 

NICRO-6 
9 Size 1</s'x 13/iox '/z' 
0 Weight less than 1 ounce 
0 Bandspread for easy Luxembourg 

reception 
0 Plays anywhere 

No transistor set has ever yet compared with the Micro-6 
for size, power, performance and design and thousands 
upon thousands are now in use throughout the world. 
Everything except the lightweight earpiece is contained 
within the smart minute white gold and black case. Unique 
features include bandspread over the 
higher frequency end of#the medium 
waveband for easy reception of Luxem- 
bourg, powerful A.G.C. to counteract 
fading of distant stations, and vernier 
type tuning. Quality of reproduction 
is outstandingly good. Order your 
Micro-6 now and prove for yourself 
why it cannot be too highly recommen- 
ded as an intriguing design to build 
and a most practical radio to use, and 
you can build it in an evening. 

r 3 ^ 
fv 

<s>. 

the 

ACTUAL SIZE 
Six stage circuit using 

3 special Micro-alloy 
transistors (M.A.T.s) pro- 

vides 2 stages of R.F. ampli- 
fication, double diode detector 

and high gain 3-stage A.F. 
amplifier plus A.G.C. Tunes over 
ic Medium Waveband. Two self- 

contained batteries give about 70 
hours working life. 

BUILD IT IN AN EVENING 

All parts including M.A.T.s. 
lightweight earpiece and in- 
structions come to 

S9'6 
MALLORY MERCURY 
CELL Type ZM.312 (2 
required) each 1/11 
Pack of 6 10/6 
"Transrista" Black nylon 
wrist strap 7/6 

SINCLAIR TR750 POWER AMPLIFIER 

With built-in 
volume 
control and 
switch 

04 

SIZE 

Another highly original Sinclair 
design, the TR750 enables the 
Sinclair Micro-6 Receiver to be 
used as a powerful car, domestic 
or portable loudspeaker set. 
A connecting plug is provided 
for this. The TR750 also has 
many other applications such as 
a record reproducer, intercom 
or baby alarm. An output of 
750 milliwatts for feeding into 
a standard 25-30Q loudspeaker 
requires only a 10mV input. 
Frequency response 30-20,000 
c/s -h1dB. Power required 
—9 to 12 volts. 

2" x 2 All parts with in- "iQf Ji 
structions come to *5 # ' O Ready built and tested ACf 

with instructions "3'" 

SINCLAIR 
MICRO 

AMPLIFIER 
makes an 

F.M. 
Transmitter, 
Broadband R.F. or A.F. Amplifier 

Smaller than a 3d. piece. Frequency response from 
30 to 50,000 c/s and power gain of 60dB 
(1,000,000 times). It can be used as a sub-miniature 
hi-fi amplifier with an output suitable 
for any earpiece or even loudspeaker. 
Also makes an invaluable tool in the 
hands of the keen experimenter. All 
parts with instructions come 28/6 

SEND YOUR 

ORDER TODAY 
If you do not wish to cut this page, 
please mention Radio Constructor April 
when writing your order. 

TO SINCLAIR RADIONICS LTD., C0MBERT0N, CAMBRIDGE , Comberton 682 
Please send items detailed below I NAME 

ADDRESS . 

I 
I 
I 
I 

enc/os^cosh/cheque/money order I   RC-465 | 
TOTAL £ 
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3son 

o 

Jason were first to produce a stable 
switched f.m. tuner for reception of 
BBC transmissions and an outstanding 
success has been achieved with the 
introduction of simple-to-operate 
switched tuners to receive both f.m. 
and TV sound transmissions, Jason 
tuners and test equipment offer a wide 
choice of models designed to meet 
present-day requirements and are a 
delight to build. 

JTV2 SWITCHED TUNER for the reception of all 
BBC f.m. transmissions and BBC-1 and ITV television 
sound channels at the turn of a switch. Foster-Seeley 
discriminator. Built-in power supply. 

Sensitivity 10u.V for 40dB quieting. Audio output 
0.4V approx. All components, including turret and 
coil plate but less four valves—£14.0.4. 

JTL TAPE PRE-AMPLIFIER designed to suit any 
tape deck or head. Will simultaneously record and 
play back stereo or mono using two or four-track 
heads. 

Especially recommended for use with the Lorlin 
SB26 tape deck. (Send for details.) All components 
including valves, £22.1.0. Ready built and tested 
£30.9.0. 

OTHER JASON KITS 
FMT1 F.M. Tuner, less valves £5.19.0 
FMT2 F.M. Tuner, less valves £9.9.0 
(less power supply components £7.15.0) 
FMT3 F.M. Tuner, less valves £10.9.0 
(less power supply components £8.15.0) 
MERCURY 2 Switched Tuner, less valves £9.15.4 
ARGUS Transistor M.W. Tuner, complete £7.10.0 
AGIO Audio Generator, complete £15.19.0 
OG10 Oscilloscope, less c.r.t. £18.10.0 
W11 Wobbulator, complete £14.19.0 
EM10 Valve Voltmeter, complete £23 
SB26 Tape Deck (built only) ^-track mono 31 gns. 

4-track stereo 39 gns. 

Write for descriptive leaflets and' name and 
address of nearest stockist. 

Jason Electronic Designs Ltd. 
18 TUDOR PLACE. TOTTENHAM CT. RD. 

LONDON, W.I. 
Telephone MUSeum 4666/8 

FREE 

DOUBLE-SIDED 

BUIEPRINT 

to build this 3-WAVEBAND 

7-TRANSIST0R 

— RECEIVER — 

n 

[HI*/ 

10 SEMI-CONDUCTORS 
LONG, MEDIUM and SHORT WAVEBANDS 

TELESCOPIC AERIAL 
TRANSFORMERLESS COMPLEMENTARY 
PUSH-PULL OUTPUT 
TONE CONTROL 
THERMAL STABILISING DIODE 

PRACTICAL 

WIRELESS 

MAY ISSUE Out April 8th 2/- 
ORDER YOUR COPY NOW! 
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19 cet Instruction Handbook 3/6 each, p/p 6d. 
1155 Instruction Handbook 3/6 each, p/p 6d. 
H.R.O. Instruction Handbook 3/6 each, p/p 6d. 
Frequency Meter, BC 221 Instruction Hand- book 3/6 each, p/p 6d. 
46 Walkie Talkie Set Circuit and Notes 3/6 each, p/p 6d. 
R.F. Unit 24 Circuit Diagram and Details Price 1/6, p/p 3d. 
R.F. Unit 25 Circuit Diagram and Details Price 1/6, p/p 3d. 
R.F. Unit 26 Circuit Diagram and Details Price 1/6, p/p 3d. 
Receiver RI355 Circuit Diagram and Details Price 1/6, p/p 3d. 
Receiver RI224A Circuit Diagram and Details Price 1/6, p/p 3d . 
R.III6/A Circuit Diagram and Details Price 1/9 p/p 3d. 

Crystal Set 'ilt. A wonderful educational kit for all childr|fri. Provides hours of amusement while following the easy step by step instructions. It is powered entirely by wireless waves, elimin- ating the expense of batteries. No soldering required. Receives all main stations. Price 19/1 Id. 
P/P 2/6. 
High quality Paxolin Sheets. Strong high quality Paxolin sheets. Size l(H x x l/io". Three for five shillings, p/p I/-. Six for 10/- post free. Twelve for 18/6 post free. 

2-WAY RADIO 

mi 

A compact V.H.F. trans/rec. that can be held in the hand. Size approx. 12 x 3 x 2±." Range up to 3 miles under favourable conditions. Uses 3 miniature valves and self contained standard batteries. Easy to operate, economical to run. Ideal for fixed or mobile authorised operation. Limited number left. Price 12 gns per pair. Post free. 

Multi Voltage Mains Transformer. Primary 200/250 50 c/s. Secondary tapped as follows: 3V, 4V, 5V, 6V, 8V, 9V.I0V. 12V, 15V, 18V, 20V. 24V and 30V. All at 2 amps. Price 35/-, p/p 3/6. 

Battery Charge Adjuster. Charge Rate Adjuster. Government manufacture. Easily fitted to charging circuit. 3/6 each, 2 for 6/6, p/p I/- each. 

Resistor Colour Code Indicator. Saves time and money. Gives the value of a resistor at a glance. Price 1/6, p/p 3d. 

Tank Aerials. Fully interlocking copper sec- tions one foot in length. Will make ideal dipoles, car or scooter aerials. Price 6 sections complete with canvas carrying case 3/6, p/p 1/6. Additional sections 6d. each. Please include sufficient postage. 

Trawler Band Transistor Receiver. A compact 3-transistor receiver, complete with personal listening earpiece, that receives amateurs and maritime stations. You will be amazed at the stations that can be received on this set. Works from standard batteries, Price 49/6 P. & P. 116. 

THE •THIRTY" HI-FI AMPLIFIER 

A high quality 30-watt amplifier developed for use in large halls and clubs, etc. Ideal for bass, lead or rhythm guitars, schools, dance halls, theatres and public address. Suitable for any type of mike or pick-up. Valve line-up: two EF86; one ECC83: one GZ34; two EL34. Four separate inputs are provided with two volume controls. Bass and Treble controls are incorporated. Amplifier operates on standard 50 c/s mains. 3 ohm and 15 ohm speakers may be used. Perforated cover with carrying handles can be provided if required, price now 25/-. 
Customers are invited to see and hear this amplifier at our shop premises in Lambert's Arcade. Send S.A.E. for illustrated leaflet. Total £19.6.0. Carriage 15/- to be sent with order. s° 16 (MS. 

CASH 

ft 

TWICE THE QUALITY — HALF THE PRICE 
WALKIE TALKIE NO. 38 A.F.V. A lightweight walkie-talkie with transmitting range 5-10 miles and frequency coverage 7.4 to 9Mc/s. Operates from 12 and 120V external dry batteries. Large clearly numbered tuning control with tuning lock. In good condition. Only 42/6. P. & P. 5/-. 2 for £4. Post free. 
Morse Keys. Morse Key Assembly, Key with base, cover and terminals. Complete with lead. 6/11, p/p 2/-. 2 Morse keys for 12/6, post free. 
M.A.T. Transistors. M.A.T. 100, 7/9; M.A.T. 120, 7/9; M.A.T. 121, 8/6. Ferrite slab aerials suitable for Transistor sets, 3/-, p/p 6d. 
Operators Unit. Huge purchase enables us to offer at give-away price this unit containing standard jack socket, 250 mfd. electrolytic condenser, 4-way telephone socket, midget selenium rectifier, etc. Price 3/6, p/p 9d. 
Matched Mullard Transistors. One OC8ID driver. Two OC8I output stage matched pair. Price 9/11 the set, p/p I/—. 
American Signal Generator V.H.F. Model. A well made instrument with a built-in crystal master oscillator. Exceptionally fine slow motion tuning with easily read scale. Stepped output and adjustable amplitude. Ideal for 2 metres and V.H.F. callibration. Price 49/6, p/p 5/-. 

Double Throat Mies. Double throat mics can be adapted for use with musical instruments. Price 5/11 each, p/p 9d. 

19 set Trans/Rec. Mains Power Pack. Operate Eour 19 set receiver straight off the mains. Ready uilt power unit, complete with modification and fitting instructions. Price 59/6 p/p 3/6. Please state Model, MK. 2 or MK. 3. 

Constructors* Parcel Type No. 2B. All brand new items, not government surplus. 6 phono plugs, 2 continental plugs, 3 and 5 pin; 12 small croc, clips; 12 large croc, clips; 24 assorted new resistors; 3 pointer knobs; 3 coax plugs; 6 sheets of paxolin, approx. 10" x 8"; 2 sturdy panel mounting fuseholders; 6 multi-cored solder packs: I 30-watt lightweight soldering iron. Price 29/11, p/p 3/6. 

High Impedance Personal Listening Ear- piece. Suitable for all types of crystal sets and transistor sets. Complete with lead and plug. Price 4/11, p/p 6d. 

Valve Sale. 2/6 each, p. & p. 9d. 2 for 5/- post free.—6V6, 807, 6H6. 6K7, 6B8G; EF50, IL4. 

HEAVY 
DUTY 
LOUDSPEAKER 
CABINET 

Attractive two-tone finished speaker cab- inets, size 28 x 20 x lOi". Will take two 12" speakers. Excellent Acoustic properties. Ideal for use in home, or group and P.A. work. Price 10 gns. P. & P. 10/-. 
WANTED 

WE WISH TO PURCHASE FOR SPOT CASH, RADIO COMMUNICATION EQUIPMENT: TRANSMITTERS. COMMUNICATIONS RE- CEIVERS, TRANSCEIVERS (Government surplus, Commercial and Foreign). WE ARE SURE THAT MAMY ENTHUSIASTS HAVE UNWANTED EQUIPMENT TAKING UP SPACE AND COL- LECTING DUST. SO LOOK AROUND AND TURN YOUR REDUNDANT EQUIPMENT INTO CASH. OFFERS MADE FOR ANY SUITABLE EQUIPMENT. SEND FULL DETAILS STATING TYPE. MAKE AND CONDITION, WITH S.A.E. FOR QUOTATION TO BUYING DEPT. 

Postage rates apply U.K. only. S.A.E. with all enquiries New walk round store open in Lambert's Arcade, Lower Briggate, Leeds I, next to Halfords Cycle Shop. Open all day Saturday. All mail orders to our Briggate House address. 
Terms Cash with order 5/— extra on C.O.D. orders 

No C.O.D. under 30/- 

Send I /- for lists Trade supplied Orders from abroad welcomed 

SONA ELECTRONIC CO (DEPT RC3) BRIGGATE HOUSE, 13 ALBION PL. LEEDS 
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HOME RADIO LTD. Dept. RC, 187 LONDON ROAD, MITCHAM, SURREY. 

/ 

"I had six faithful serving men, 

Who taught me all I knew, 

Their names were 'How' and 'Why' and 'What', 

And 'When and 'Where' and 'Who' " 

We wonder what the six faithful serving 
men would say, if you asked them:— 

1. Where can I buy a special-purpose 
screwdriver that holds the screws 
firm on the end of the blade? 

2. Who makes the "Transmatch" Tran- 
sistor pre-amplifier? 

3. What is the resistance of an Electro- 
voice 101G L.F. Choke? 

4. How is a PA1 coil wired up? 

5. Why cannot a Ribbon Microphone 
be used out of doors? 

6. When must a parcel be sent by road 
or rail? 

, 
HCMl 

tu-o*"! CAT 

1ft 

Poor faithful serving men . . . even a pile 
of encyclopaedias would not help them here! 
If only they had known that these and 
thousands of other such questions can be 
answered with a Home Radio Catalogue! 

You may not be seeking a situation as a 
faithful serving man, but we are sure you 
will be interested in having a complete 
reference of some 5,000 modern electronic 
components, showing sizes, data and prices, 
and illustrating over 800 of them. This 
catalogue will save you not only money, but 
time, trouble and temper. Incidentally, in 
each catalogue are 5 coupons each worth a 
shilling when used as directed. Send us 6/- 
today with the coupon below. This unique 
catalogue will be sent by return post. 

Please write your Name and Address in block capitals 

Name. 
I 
I 

I Address 
I 
I   
I 
I 

I 
  I 
   I 

Home Radio Ltd. Dept. RC, 187 London Road, Mitcham, Surrey | 
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2 kc/s Transistor 

Sawtooth Generator 

By A. Foord, Grad. I.E.R.E. 

An inexpensive generator for testing Class B audio output stages 

IN CLASS B PUSH-PULL AUDIO AMPLIFIERS ONE 
transistor conducts while the other is cut off. 
To prevent crossover distortion a small forward 

bias is applied to each transistor. If the bias is too 
small crossover distortion becomes evident whilst, 
if the bias is too large, quiescent current rises and 
the amplifier efficiency is lowered. 

Checking Bias Conditions 
To determine the required bias conditions the 

most satisfactory method is to feed a signal into 
the amplifier, monitor the output on an oscilloscope, 
and adjust the bias components accordingly. 

Although it would be possible to use a sinusoidal 
signal for this, small amounts of crossover distortion 

A 

are easier to see if the signal used has a straight, or 
linear, portion. The writer required an inexpensive 
generator whose output waveform contained a 
linear section and which could be made up from 
readily available components. The unit described 
in this article was the result. 

The overall testing arrangement is shown in 
Fig. 1. If the amplifier is correctly biased then the 
output waveform will be identical in form to the 
input. If crossover distortion occurs, the waveform 
will be distorted. Fig. 2 shows severe crossover 
distortion. When checking for crossover distortion, 
care must be taken not to overdrive the amplifier 
by applying too large a signal. Overdriving the 
amplifier results in a flat top on the waveform. 

The Circuit 
The circuit used for the writer's generator is 

shown in Fig. 3. It consists of an emitter-coupled 
multivibrator employing the components TRa, 
TR4, C2, Ci, Ra, R3, R4 and R^; these being used 
in conjunction with TR3 and R5 which cause the 
"space" part of the waveform to become a linear 
sweep. A sawtooth waveform appears at the 
emitter of TRa. TRi is an emitter follower, and 
gives a low impedance output without loading TRa. 

Oscilloscope 

Generator 

Amplifier 
under test 

EQ oy 

Internal view of the writer's sawtooth generator 

Input Jj^ Output 

Fig. 1. The arrangement used for amplifier testing 
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Fig. 2. The effect of crossover distortion on a linear 
waveform 

Construction 
The writer's unit was constructed in a 2 oz. 

tobacco tin, and the layout employed is shown in 
Fig. 4. This layout may be used as a guide by 
constructors. If necessary, R3 may need to be 
adjusted Around the value specified, until the unit 
oscillates. 

Side view of the generator, showing the controls and 
output sockets 

Components List 

Resistors 
(All fixed values 10% i watt) 

Ri 
R2 
Rs 
R4 
Rs 
Re 
VR! 

2.2ka 
15kn 
12kn* 
1.2kn 
ikn 
820a 
50011 linear pot. 

Transistors 
TRl,2,3,4 OC71 

Switch 
Si s.p.s.t. 

Battery 
9V (EverReady type PP4) 

Capacitors 
Q 200(xF, electrolytic, 6V wkg. 
C2 0.02nF paper 
C3 25[j.F, electrolytic, 25V wkg. 

•May need adjustment—see text. 

Miscellaneous 
Groupboard, 10 pairs (Bulgin type C.125) 
Battery clips 
Output sockets 
Knob 

(s«e text) 

C| ■ 
200pF C 

R3 
I2kn 

ISkn 
TR2 

TRyl 

C2 
002pF 

R4 
l-2ka 

TR3 

;r6 •820n 

VR,: 
SOOn: 

R| 
2-2kn 

9V 

C3 25uF 25UF 
—it-, 

Output 

Fig. 3. The circuit of the generator 
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□ □ a CZ3 

TR TR4 TR TR 

^5 

□ 

Battery 

C3 
VR, 

Output 

C - chassis connection 

Fig. 4. The layout of the unit built by the writer 

-421^5 

I-5V 

-^JJ
5g'-—370>iS-J f= 2-37Kc/s 

Fig. 5. The waveform generated by the writer's unit 

Performance 
The prototype oscillated with supply voltage 

down to 1.5 volts. Current consumption was 
3.5mA at 9 volts, and the results given apply to the 
9 volt supply. 

The frequency of oscillation is nominally 2 kc/s. 
The maximum open circuit voltage is 1.5 volts. 
The actual waveform obtained with the writer's unit 
is shown in Fig. 5. This had a frequency of 
2.37 kc/s. 

It should be added in conclusion that, although 
the unit admirably fulfilled its required function, 
it can also be used wherever a spot frequency audio 
signal is required. 

NEXT MONTH . 

DYNAMIC GAIN TRANSISTOR TESTER, 

IMPROVING THE AR88 RECEIVER. 
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Adding Tuning Meters to 

Transistor A.M. Receivers 

SUGGESTED CIRCUIT No. 173 By G. A. FRENCH 

IN THE SUGGESTED CIRCUIT PUB- 
lished two months ago in the 
February issue ("An 'Economy' 

Capacitance Bridge") the writer 
described a capacitance bridge which 
employed, as null indicating device, 
any standard medium wave receiver 
fitted with a tuning indicator. The 
writer also stated that if a medium 
wave receiver did not have a tuning 
indicator it could still be pressed into 
service by temporarily connecting a 
voltmeter to it to give indications of 
signal strength. In the case of a 
transistor receiver, such a voltmeter 
could be connected across the 
emitter resistor of any a.g.c. con- 
trolled transistor or between the 
positive supply rail and the a.g.c. 
line itself. 

A tuning indicator is a very useful 
accessory in any a.m. receiver, this 
being largely due to the fact that it 
enables tuning adjustments to be 
made which result in the provision 
of maximum a.g.c. voltage and, in 
consequence, maximum protection 
against fading. Tuning adjustments 
of similar accuracy may not be as 
readily achieved by merely listening 
to the audio signal provided by the 
loudspeaker. Since commercially 
produced transistor receivers rarely 
have tuning indicators the writer felt 
that it would be of advantage to 
devote a little time to this particular 
subject, and to provide, in this 
series, some details of the problems 
involved. 

As a result, the present article 
discusses the techniques involved in 
fitting a meter as tuning indicator 
to any standard medium and long 
wave transistor superhet. The writer 
has also developed an experimental 
circuit which allows signal strength 
to be indicated by the brightness of 
a small m.e.s. bulb, but space 
considerations necessitate that this 
be discussed separately in next 
month's issue. 

Basic Receiver Circuits 
Before describing the tuning in- 

dicator circuits, it is first of all 
desirable to examine the basic a.g.c. 
arrangements employed in conven- 
tional medium and long wave 
transistor receivers. This is necessary 
because, following standard practice 
in valve receivers, any add-on tuning 
indicator will need to operate from 
a.g.c. potential. 

The basic detector and a.g.c. 
circuit used in conventional a.m. 
transistor superhets is shown in 
Fig. 1. This arrangement is common 
to all of a large number of com- 
mercial receivers whose circuits were 
checked by the writer for the purposes 
of this article, there being only slight 
variations which will be discussed 
shortly. Many currently available 
receivers have a damping diode 
circuit between the collectors of the 

first i.f. transistor and the oscillator/ 
mixer transistor whose function is to 
damp the primary of the first i.f. 
transformer under conditions of 
excessively high signal strength, but 
such a circuit does not concern the 
present discussion and is not shown 
in Fig. 1. 

In Fig. 1 the diode detects the i.f. 
signal passed to it by the last i.f. 
transformer, the resultant a.f. being 
then applied to the following a.f. 
stages. The signal carrier also causes 
a positive a.g.c. potential to appear 
at the upper end of the diode load, 
R4, this being applied to the stabilis- 
ing potentiometer R2, Ri. The base 
of the first i.f. transistor couples to 
the junction of R2 and Ri by way 
of the secondary of the first i.f. 
transformer and its bypass capacitor, 
Q. Thus, an increase in signal 
strength results in the upper end of 

•-(Supply) 

First IF 
transformer 

First ii: Last IF 
transformer transistor 

To A-F 
stages 

R4 
Diode load 

c2 

1 

I.F Bypass 
capadtors I.F Filter 

capacitor 

f'g- 1. 

33 — 68 kn 
R28-2-l2kn 
R3 470-68Qn 
R4 Skn 

The basic a.g.c. circuit employed in conventional a.m. transistor 
superhets. Single-tuned i.f. transformers are assumed 
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the diode load resistor going positive. 
The base of the i.f. transistor then 
also goes positive, whereupon it 
exhibits reduced gain and the 
requirements' of an a.g.c. loop are 
achieved. 

It is important to note that, in the 
absence of signal, the diode in Fig. 1 
passes a continual small current in 
the forward direction, this flowing 
from the positive supply rail through 
the diode and R2R1 to the negative 
supply rail. In the absence of signal, 
therefore, the upper end of the diode 
load is slightly negative of chassis, 
and iUonly swings positive of chassis 
on reteption of a signal of sufficient 
strerfgth. The values in R2 and Ri 
are such that the base of the i.f, 
transistor receives a standing nega- 
tive bias which allows it to offer full 
gain to the i.f. signal under no-signal 
conditions. R2 and Ri also ensure 
that the base falls to around chassis 
potential on reception of the most 
powerful signals likely to be en- 
countered in normal service. The 
fact that the diode passes a small 
continual forward bias results in an 
apparent delay in a.g.c. performance. 
Due to the forward bias, very weak 
signals can be detected and repro- 
duced at acceptable loudspeaker 
strength, but they may not cause the 
development of any appreciable 
positive-going a.g.c. voltage on the 
upper end of the diode load. 
Because of this, a tuning indicator 
working from the a.g.c. line of a 
transistor a.m. receiver may not give 
useful indications when very weak 
signals are being received. This 
slight shortcoming, which will vary 
in degree between receivers of 
different design and manufacture, 
has to be accepted if tuning indi- 
cators operating from the a.g.c. line 
are to be employed, and could only 
be avoided by the use of a second 
diode intended purely for operating 
the indicator itself. The writer feels 
that this disadvantage is far too 
small to merit the added complica- 

First U* 
transistor 

Series 
resistor 

Tuning 
meter R3 

Fig. 2. A very simple method of 
adding a tuning meter to the 

circuit of Fig. 1 

tions incurred by fitting a second 
diode. Nevertheless, it does mean 
that any tuning indicator fitted does 
not have quite the same range of 
sensitivity as would be offered by a 
similar indicator in a valve a.m. 
receiver having an undelayed a.g.c. 
circuit. 

As was just mentioned. Fig. 1 
represents the basic a.g.c. circuit 
found in conventional a.m. tran- 
sistor superhets. One or two 
variations may, however, be en- 
countered. For instance. Fig. 1 
shows that the diode load functions 
as the volume control as well, but a 
few receivers may be encountered in 
which the diode load is a fixed 
resistor, this being coupled by a 
capacitor to a separate volume 
control. Another variation likely to 
be met is the provision, in some 
receivers, of a low-value i.f. filter 
resistor between the diode and the 
upper end of R4, together with an 
additional i.f. filter capacitor. Resis- 
tor values tend to vary from design 
to design, and those most frequently 
employed are listed in the diagram. 

Meter Indicator 
The simplest type of tuning 

indicator which may be added to the 
circuit of Fig. 1 consists, as was 
suggested in the previous article, 
of a voltmeter connected across the 
emitter resistor of the first i.f. 
transistor. Such a voltmeter is 
shown in Fig. 2, and it consists of a 
current-reading meter, which may be 
mounted on the front panel of the 
receiver, and a series resistor. As we 
have seen, an increase in signal 
strength causes the base of the 
transistor to go positive. So also, 
by emitter-follower action, does the 
emitter, with the result that the meter 
reading decreases. 

The only requirements of the 
added voltmeter circuit of Fig. 2 are 
that the meter should show full-scale 
deflection under no-signal conditions, 
and that, to prevent upsetting circuit 
conditions in the receiver, the overall 
resistance added across the emitter 
resistor is high. This latter point 
should be adequately catered for in 
practice by ensuring that the overall 
voltmeter resistance is no less than 
ten times the value of the emitter 
resistor. 

A practical example will help to 
illustrate these requirements. Let us 
assume that the emitter resistor, 
R3, has a value of 68012, and that a 
voltage of approximately 0.8 appears 
across it in the absence of signal. 
To give an f.s.d. reading of 0.8 volts, 
a 100,uA meter requires a series 
resistor of 8kn (assuming zero 
resistance in the meter) which is, of 
course, greater than ten times the 

value of the existing emitter resistor. 
Thus, in this case, the tuning indi- 
cator could employ a 100u.A move- 
ment and present an overall resist- 
ance of around SkQ. On switching 
on the receiver, the meter needle 
would then rise from zero to f.s.d. 
under no-signal conditions, the read- 
ing falling according to the strength 
of any signal tuned in. 

With almost all receivers, it will 
probably be found that the use of a 
100|j.A meter adequately meets the 
two requirements just detailed. 
Initially, a variable resistor could be 
temporarily connected up to provide 
the series resistor. This resistor may 
then be set up to give an f.s.d. 
reading under no-signal conditions, 
after which its value may be mea- 
sured and a suitable fixed component 
fitted in its place. 

The emitter resistor to which the 
voltmeter of Fig. 2 connects is 
normally bypassed by a large-value 
capacitor. In consequence, there are 
no significant i.f. voltages across the 
resistor, and the leads to the meter 
may have any length and should be 
capable of passing through any part 
of the receiver without introducing 
instability. Additional protection 
against instability may be given by 
mounting the meter series resistor 
close to Rj. 

In some receivers the first i.f. 
transistor may be completely cut off 
by very strong signals, with the 
result that the meter of Fig. 2 cannot 
give accurate incremental tuning 
indications under these conditions. 
If this effect is considered important 
an alternative approach consists of 
connecting a voltmeter across the 
diode load itself as in Fig. 3 {a), 
since this meter will respond to all 
positive excursions at the upper end 
of the diode load. A 50(j.A movement 
should function adequately here and 
this, with its series resistor, should 
not add too low a parallel resistance 
across the diode load. (For those 
who wish to calculate a suitable 
meter sensitivity, the writer would 
suggest that an overall voltmeter 
resistance which is no less than four 
times the resistance of the diode load 
should not normally upset receiver 
circuit operation.) The voltmeter 
series resistor is initially set up to 
give an f.s.d. reading with the 
strongest signal likely to be received. 
The meter then gives a zero reading 
in the absence of signal, this rising 
in sympathy with the strength of 
received signals. 

As there is a continuous forward 
bias across the diode when the 
receiver is switched on, the negative 
terminal of the meter in Fig. 3 {a) 
is returned to a fixed potentiometer, 
RsRe, across the supply rails, this 
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offering the same voltage to the 
meter as is offered by the diode load 
under no-signal conditions. Such a 
potentiometer is desirable because, 
if the negative terminal of the meter 
were returned direct to chassis, its 
needle would suffer a reverse dis- 
placement in the absence of signal. 
The potentiometer draws somewhat 
less than 1mA from a 9 volt supply, 
the value of the lower resistor, Re, 
being found experimentally to suit 
the particular receiver concerned. 

An alternative idea for overcoming 
the reverse deflection problem con- 
sists of balancing it out with the 
meter zero-set adjustment. In this 
instance, Ae negative terminal of the 
meter is/returned to chassis as in 
Fig. 3 (6), the meter zero-set being 
adjusted such that it indicates zero 
under no-signal conditions when the 
receiver is switched on. The only 
disadvantages to this approach are 
that the zero-set adjustment may not 
offer sufficient range to take up the 
standing voltage across the diode 
load, and that the meter will have a 
permanent positive deflection when 
the receiver is switched off. 

In Figs. 3 (a) and (b), the series 
resistor should be mounted close to 
the diode load, and it will then 
decouple any i.f. and a.f. voltages 
which may be present from the 
meter leads. These leads can, in 
consequence, be routed through any 
part of the receiver without undue 
risk of instability. 

Performance 
The writer has checked the three 

circuits discussed this month in 
conjunction with a standard 6- 
transistor medium and long wave 

-(Supply) 

1R5 >IOkA 
Tuning | 'M watt 
meter 

Series resistor 
R6 
see text R4 

X 

* 

i 

Tuning 
meter 

-"o-WW- 
Series resistor 

(b) 
Fig. 3 (o). An alternative method of adding a tuning meter 

(b). If the standing voltage across diode Dl is balanced out with the meter 
zero-set adjustment, the negative terminal of the meter may be connected 

directly to the positive supply line 

superhet, and the results described 
were obtained with no trouble or 
difficulties at all. 

These meter tuning indicators 
offer considerable ease of reading 
and only incur the addition of simple 
circuitry to the receiver. Some of the 
smaller meter movements currently 
available have attractively presented 
scales, and they could impart an 
impressive outside appearance to the 
cabinet of a transistor radio. 

Unfortunately, it is not possible to 
mount a tuning meter on the smaller 
transistor radio cabinets and, to 
meet this instance, the author has 
developed an alternative type of 
indicator which requires panel space 
for an m.e.s. bulb and a small press- 
switch only. The circuit employed 
is more complicated than those dis- 
cussed here, and will be described 
separately in next month's article in 
the Suggested Circuit series. 

NEW PORTABLE PROFESSIONAL 

TAPE RECORDER 

A new portable professional tape-recorder, which weighs only 10Jlb, inclusive of batteries, is announced by EMI 
Electronics Ltd. It provides five additional facilities over the company's previous portable models at no extra cost. 

These facilities—incorporated after a detailed market research survey—give the type L4 tape-recorder a versatility 
far beyond its predecessors, the L2 and RE321, which were specifically designed for use in the broadcasting field. For 
example, film studios will find the provision of a position for a fourth magnetic head for sound sync to be an invaluable 
asset, previously only available on specialised film recording equipment. 

Other additional facilities include a choice of two speeds—1% or 3f i.p.s.—remote control, press-button operation 
and mixing of two microphone inputs. 

L4's portability and simple operation make it ideally suitable for industrial noise measurement, checking aircrafts' 
blind landing systems, medical research and a wide variety of other uses in science, industry and entertainment. 

Powered by a 14V rechargeable battery, L4 is fully tropicalised and is available in half and full track versions. It is 
housed in a smartly-styled lightweight alloy case, measuring only 11f x 7 x 6iin, which has a transparent acrylic lid. 
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TRANSISTORISED TURNING INDICATOR 

AND WARNING DEVICE 

/ 
By J. G. RANSOME 

Our contributor describes a simple multivibrator "winker" circuit for installation in a car. 
Also discussed is an experimental oscillator which gives audible warning that the flashing 

indicator is switched on. A 12 volt supply with a positive earth is assumed 

ONE OF THE HARD LESSONS LEARNED DURING A 
recent cold spell was the rather variable 
performance of the electrical system of the 

average motor car. A particular problem en- 
countered by the author was the slow waim-up 
time of the car "winking" indicator which, being 
essentially a thermal device, took up to three 
seconds on occasions to reach sufficient temperature 
to produce the first flash. This rather long delay 
produced somewhat embarrassing situations and so 
a cheap unit with a faster cold switch-on rate was 
investigated. 

The Circuit 
The circuit of the "winking" switching unit is 

shown in Fig. 1. As can be seen, the unit is merely 
a multivibrator coupled to a power amplifier, TR3, 
which drives the switching relay. It is felt that this 
circuit is the simplest that could be devised, and it 
offers one "blink" per second. 

Ralay conla»s Z ' 

The multivibrator may be assembled in any 
convenient manner. However, the prototype was 
built on a printed circuit for both convenience and 
ruggedness, a suitable arrangement for the layout 
being shown in Fig. 2. The wiring is straight- 
forward and, with just a little care, a small and 
strong unit can be made. It is recommended that 
the relay should be as small as possible since it was 
found that the weight of a Post Office type unit was 
such that the relay tended to pull away from the 
circuit board. 

There should be no difficulty in the construction 
of the multivibrator unit. The connections to the 
circuit board should be made quickly with a good 
quality cored solder using a hot iron. There should 
then be little trouble due to the copper conductor 
pulling away from the board. 

Car Wiring 
g The wiring of the auxiliary circuit in the car is 

:r2 :R3 R4 

Relay coil eiay cc 2000 OA 81 

0C72 

-I2V 

chassis" ' 
Fig. 1. The circuit of the multivibrator "winker" unit. The points indicated 
by the letters A , and "C" couple to similarly identified points in Fig. 3. 

The relay contacts close when the relay energises 

Components List 
(Fig. 1) 

Resistors 
Ri 4.7kn i watt 10% 
R2, 3 lOkfl i watt 10% 
R4 1.8kf2 i watt 10% 

Capacitors 
Ci,2 50(iF electrolytic 15V wkg. 

Semiconductors 
TRj.z OC71 
TR3 OC72 
Di OA81 or similar 

Relay 
Relay with 200fl coil and make contacts 
(see text) 
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Relay 

coil 
Z« 

TR1 TR3 

H2V 

-I2V 

Fig. 2. The prototype printed circuit pattern employed 
for Figjti. Final dimensions may vary according to 

A the type of relay employed 

shown in Fig. 3. Most of this circuit will be already 
wired in place if the unit is used to replace the more 
conventional flasher. If, on the other hand, the unit 
is to be fitted to the older type of vehicle, then the 
auxiliary wiring will have to be put in according to 
the diagram. The only non-standard item is the 
3-way switch. In the original this switch was a Post 
Office type key-switch which locked in either the 
right or left hand positions with a centre "rest" 
position (these switches are readily available from 
many surplus stores for a few shillings). However, 
any switch which satisfies the circuit requirements 
and has suitable mechanical properties may be 
employed. 

The relay and switch contacts must be capable 
of switching 3 to 4 amps and this means that heavy 
duty contacts will have to be used in these com- 
ponents.1 

The full circuit of Figs. 1 and 3 has been function- 
ing, at the time of writing, quite satisfactorily for 
several months and has well fulfilled the design 
requirements. 

1 The relay employed in the prototype has, as shown in Fig. 1, 
a 200Q coil and one pair of make contacts. Such a relay may be 
available through surplus suppliers, and coil resistances higher than 
200Q should be satisfactory if the relay is capable of energising at 
around 8 volts. A suitable 3-way switch (Fig. 3) is the Bulgin rocker- 
contact component, List No. S.780, which is rated 6-10 amps at 
200-250 volts a.c.—Editor. 

Left indicators 
^-^front len Mt  front 

res4 (Y n i"1, I—q3 
'nghf p'gtS, 

To A 
(f'q.O 

Chassis 

rTo'C'(fiq.l) 
ITo To'X' 
I  W1 

Dash indicator light 
r-Or '12V "1 

12V 

Fig. 3. The switching circuit installed in the car. The 
switch is a 2-pole, 3-way component. The connection 
at point "X" is only required if the audible warning 

device is used 

C| C2 C3 
■■ ■■ TRI 

Loudspeaker 
5000 ohms 

0C72 

1 

C4 fRs 

Fig. 4. The experimental audible warning device 

Audible Warning System 
The other addition which has been made to the 

turning indicator is an audible warning system to 
supplement the warning light on the dashboard. 
It has been found that there is a tendency to ignore 
the conventional flashing light on the dash— 
especially in broad daylight—and this means that 
the flashers are left on giving a false impression of 
one's direction! 

The circuit has been designed around a simple 
phase-shift oscillator which is used to drive the 

Components List 
(Fig. 4) 

Resistors 
Rx^.s 6.2ka i watt 10% 
R4 22kLI i watt 10% 
Rs 3.9kf2 i watt 10% 

Capacitors 
Ci,2,3 0.01 [iF 
C4 25p.F electrolytic 6V wkg. 

Transistor 
TRi OC72 

Loudspeaker 
High impedance unit (see text) 

pointY (-12) 

To 
loudspeaker •H2v R4 C3 

"5 | H 
+ •+ 

Fig. 5. A printed circuit layout for Fig. 4 
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small warning device directly. The circuit of the 
unit is shown in Fig. 4. 

Basically it can be shown that the minimum 
current gain required for the successful operation 
of the transistor in a phase-shift oscillator circuit 
is in the order of 30 and this is readily obtained with 
thfe circuit configuration used here. The values 
shown in Fig. 4 give an operating frequency of 
1,000 c/s. 

The only item likely to give rise to difficulty is 
the loudspeaker which, in the original, was made 
from a balanced armature headphone unit and 
provided more than ample volume. Any suitable 
high impedance unit may be used here but it must 
be stressed that a high impedance is required in 

f 

order that the current gain may be obtained.2 

Other than this, there should be no other difficulty 
in the construction, and a suitable printed circuit 
layout is shown in Fig. 5. 

The connection to the main circuit is made at 
point "X" in Fig. 3 but if the unit is to be built into 
an existing installation then the unit power supply 
is best taken by wiring across the warning light on 
the dashboard. 

2 Due to the limitation offered by the choice of speaker, it would be preferable to bring the circuit of Fig. 4 into working order on an 
experimental basis before preparing it for permanent installation in the car. It should be possible to obtain a reasonable sound output with a 3U speaker coupled into the collector circuit via a step-down 
translormer. The latter could be chosen experimentally, and could be a valve or transistor output transformer.—Editor. 

3-Stage Pre-Selector 

for the Beginner Part 2 

E. GOVIER 

In the first article of this two-part series, written specifically for the 
beginner the writer introduced the subject of r.f. amplification and 
described a simple 1-valve preselector. This concluding instalment 
deals with a 2-valve r.f. pre-amplifier based on the 1-valve design, 

together with the final addition of a cathode follower stage 

IN PART 1 OF THIS SERIES, PUBLISHED 
in the last issue, a 1-valve 
(EF183) pre-selector was de- 

scribed together with references to 
2 and 3-valve designs which would 
be based on it. Advice was also 
tendered on the obtaining of a 2- 
gang 500pF variable capacitor and 
two sets of identical coils (3 in each 
set) for those who required to con- 
struct the unit with more than one 
valve. It is assumed by the writer 
that the first design has been built 
and that two sets of coils have been 
mounted on the central metal screen 
contained under the chassis and, in 
addition, that the 2-gang variable 
capacitor referred to above has also 
been included. 

2-Valve Pre-selector 
The circuit for the 2-valve pre- 

selector is shown in Fig. 8. It should 
be noted that all the components 
used in the circuit of Fig. 1 (pub- 
lished last month) have been given 
the same designations (e.g. R4 is the 
gain control in both versions). This 
has been done in order to avoid con- 

fusion and to facilitate the construc- 
tional description. 

A careful study of Fig. 8 will 
reveal that the circuit around V| is 
nearly (but not quite) identical to 
that in Fig. 1, that both Vj and V2 
have nearly similar circuits, and that 
the gain control R4 is common to 
both stages. 

Major differences between the two 
circuits are that the r.f. choke has 
been removed from the anode of Vi 
and inserted into the anode supply 
to V2; also, that the anode h.t. 
supply to Vj is now obtained via the 
added coil primary winding (L3), 
this being bypassed to chassis via an 
added capacitor Cs. Again, a 
further switch (82(3) (b)) has been 
added; Sj now has four sections 
(Si(a) (b) (c) (d)); and a panel aerial 
trimmer (C5) has been included. 
Finally, a connection direct from 
the aerial input to the receiver (via 
82(3) and Cjo) has been provided. 

Having assimilated these points, 
the beginner will now realise that 
the r.f. signal is selected and further 
amplified by V2, thereby giving even 
greater selectivity and gain than was 
provided by Vi on its own. 

Circuit 

The circuit for Vi was described 
last month but the necessary modi- 
fications require some discussion at 
this point. 

The switch Si(a) (b)—see Fig. 9— 
has been added as a panel control 
for the reason that the pre-selector 
may not always be required. It is 
inconvenient to switch off the unit 
and to rearrange the aerial connec- 
tions, and so the added switch offers 
a very useful and labour-saving 
device. When receiving strong local 
amateur signals (as on "Top Band") 
or powerful broadcast stations, 
switch 82(3) (b) may be operated to 
feed the aerial direct into the re- 
ceiver. It also becomes useful should 
a 100 kc/s crystal oscillator fre- 
quency standard be in use as less 
confusion with respect to the recog- 
nition of the 100 kc/s beat notes will 
arise if the pre-selector is switched 
out of service. Coaxial cable, with 
the metal braiding connected to 
chassis, should be used for the aerial 
lead from S2(b) to the capacitor Ciq. 

The panel trimmer C5 (see Com- 
ponents List) has been added so that 
the signal may be "peaked" and the 
tuned circuit of Vi brought into 
resonance with that of V2—assisted 
by the trimmer capacitor Cg of that 
stage—at any point in the frequency 
coverage of the unit. 

The signal from the anode of Vi 
is fed, via Si(C), to the primary wind- 
ing (L3) of the second coil, and 
thence to the secondary winding (L4). 
L4 connects, via Sua), to the grid of 
V2, being tuned by the parallel com- 
bination Ci(b) and Cg. Ci(b) is the 
second section (that to the rear of 
the ^ chassis) of the 500pF variable 
tuning capacitor. The resistor R5 
supplies h.t. potential to grid 2 of 
Vi (pin 8) this being bypassed to 
chassis via C7. The anode supply is 
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HT+ 
(200-250V) ^Coax 

input 
socket Rs 

Sc 

- T ii—^ 

R.FC. 
Coax 

EFI83 o) output 
socket EFI83 

Sta 

slb i i^L fd 

"3 HCa C9 

Ir 

Si' 

VW-l Ganged Chassis 
PL 

Receiver 
chassis 

63 V AC. 

via Re and the r.f.c. (removed from 
the anode of Vj). The output is 
taken from the anode of Va fpin 7) 
via the coupling capacitor C4 (again 
removed from the old Vi circuit). 

The potentiometer R4 is common 
to both stages in order that the gain 
may be variable with respect to both 
Vi and V2. The two stages operate 
in cascade. 

Construction 
As with Vi, the second stage 

should have a small metal screen 
soldered across the valveholder as 

Components List (Fig. 8) 
(Additional components for V2 only 

are listed) 
Resistors (all 20%) 

R5 33kn 1 watt 
Re 5k £7 i watt 
R7 200£2 i watt 

Capacitors 
Cs lOOpF variable (Jackson 

Bros, type C804) 
Q 0.01 (iF tubular (Mullard) 
C7 0.01 nF tubular (Mullard) 
Cg 3-30pF concentric trimmer 

(Philips) 
C9 0.01 (xF tubular (Mullard) 
C10 lOOpF ceramic 

Valve 
V2 EF183 (Mullard) 

Valveholder 
B9A with centre spigot 

Fig. 8. Circuit of the l-valve preselector 
Coils 

Osmor type QA1, QA3, QA4 
Switch 

Si(a) (b) 2-pole, 2-way 
Miscellaneous 

4-way tagstrip, nuts, bolts, coaxial 
cable, etc. 

shown in Fig. 5, published last 
month. The soldered connections 
for this screen are exactly the same 
as for Vi. 

An earthed soldering tag should 
be mounted under one of the nuts 
securing V2 valveholder to the chassis 
and the valveholder oriented such 
that pin 2 is nearest the coils. A 
small hole fitted with a grommet is 
needed in the chassis near this pin 
to take the non-earthed lead from 
Gift,) and Cg. 

Fig. 10 shows the connections to 
the coils (L3 and L4 in Fig. 8) and it 
will be noted that these are some- 
what different from those needed for 
Lj and L2. In the present instance, 
the primary winding (L3) carries the 
h.t. potential to the anode of Vj and 
the bottom end of this winding is 
bypassed to chassis via Cg. The 
secondary winding (L4) is connected 
in the same manner as was L2. 
Connections to the switch are also 
shown. 

The r.f.c. and Qo should be 
removed from the anode of Vj and 

inserted, where shown, in the anode 
circuit of V2. 

Fig. 9 shows the wiring to the 
added switch 82(4) (b)- 

Fig. 11 gives details of the panel 
and chassis for the 2-valve version 
and is very similar to Fig. 3 pub- 
lished in the last issue. Also shown 
in Fig. 11 is the position of the 
third valve—the addition of which 
is discussed later. 

When dealing with the front panel, 
it should be noted that hole (i) now 
takes the panel lamp assembly; this 
previously occupying hole (a) in the 
l-valve version. Hole (a) is now 
utilised for switch 82(4) (b), and hole 
(h) for the aerial trimmer control C5. 

ToS|a To aerial Input s2a 

Chassis ^ 
To C|0 

S2b Fig. 9. Wiring details of the 
switch $2(4) (b). The connection 

to Cjo is via screened wire 
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To pin 2 of Vj 
and Cib.Cg - 

To anode of Vi 

/ 

To Rj.Ce,- 

sld slb 
/V 

N \ 

^ / 

Sic Sla 

>_vx_y7< 
QA4 OA 3 QAI 

Chassis 

Fig. 10. Wiring details of the switch Si(c) y). A part from the lead to the 
anode of Vj all wiring should be on the V2 side of the screen. The lead to 
Vi anode must be kept well clear of the wiring to Si(a) and The chassis 
connection is made to the earth tag fitted to the screen in Fig. 6 (published 

last month) 

Having drilled the hole for C5, 
mount this component to the panel 
and connect a lead from its stator 
plates to the tag of the main tuning 
capacitor section nearer the panel, 
i.e. the section tuning L2. 

Mount under the chassis, at a 
point between the positions shown 
for V2 and V3 in Fig. 11, a further 
4-way tagstrip and wire-up this tag- 
strip as shown in Fig. 12, also 
wiring-up the associated circuitry 
for V2. 

When the construction of the 
2-valve unit has been completed, it 
should be connected to the aerial 
and receiver and switched on, the 
alignment of the two tuned circuits 
now being carried out. 

Alignment 
Alignment is a simple process and 

one that need not deter the beginner. 
The gain control R4 should be set in 
the maximum gain position and the 
receiver should have the a.g.c. 
(automatic gain control)—sometimes 
labelled "a.v.c." on older type 
receivers—switched on. The S-meter 
(where fitted) should now operate. 
Should no S-meter or other tuning 
device be installed in the receiver, 
then the constructor will simply 
have to rely on aural indication. 
This is not as satisfactory a method, 
but is the only manner in which 
alignment can be carried out until 
such time as a tuning device is fitted 
to the receiver. 

Alignment should start with the 
lowest frequency band and continue 
from there to the highest frequency 
band. The aerial tuned circuit is 
fitted with the parallel variable cap- 
acitor C5 and therefore it will only 
be necessary for the trimmer in the 
tuned circuit of V2 (Cg) to be adjusted 
for optimum signal strength at a 
position in the approximate centre 
of each of the three bands. The 
"swing" of C5 will adjust the two 
circuits at any point either side of 
this central position. 

The most selective tuned circuit is 
that in the grid of V2 and the method 
for aligning each coil here is to 
adjust their iron-dust cores to pro- 
vide the frequency required at the 
low frequency end (rotor vanes of 
Ci(a) (b) fully meshed) of each range, 
and then adjust the cores of the Vi 
coils in order to provide the maxi- 
mum sensitivity (strongest signal). 
Following this procedure, ascertain 
that the optimum aerial trimming is 
being obtained on each band, at 
various points in the frequency cov- 
erage, by adjusting the panel trim- 
mer C5. 

Adding the Third Stage 
The third stage, shown in Fig. 13, 

is a cathode follower, and its func- 
tion is to provide an improved 
impedance match between the out- 
put of the pre-selector of Fig. 8 and 
the aerial terminals of the receiver 
at all frequencies covered by the unit. 

A cathode follower stage provides 
no additional gain, but it does ensure 
that an optimum transference of r.f. 
energy is achieved at all times. 

The valve used is an EF80 r.f. 
pentode, and it has the same base 
connections as the EF183 in the Vi 
and V2 positions. This stage is com- 
paratively simple to wire-up and 
requires very few additional com- 
ponents other than the valve and 
valveholder. The position of V3 is 
shown in Fig. 11, and an earth tag 
should be mounted under one of its 
securing nuts. 

To introduce the cathode follower 
stage, capacitor C4 should be dis- 
connected from the coaxial output 
socket (see Fig. 8) and connected 
direct to the grid of V3 (pin 2), Rg 
being taken from this pin to chassis 
(the earth tag at V3 valveholder). 

The cathode circuit should now be 
wired-up. Pins 1, 3 and 9 of the 
valveholder are connected, via Rio, 
to chassis and, via C13, to the co- 
axial output socket. The connection 
with C10 is made at the same point. 

Note that the output is taken from 
the cathode of V3 and that the out- 
put impedance has been so arranged 
that it will correctly match into 75 O. 
This is the impedance of ordinary 
TV coaxial cable, which is most 
commonly used for linkage purposes; 
most communication receivers having 
an input impedance of around this 
figure. 

Power Supply 
With receivers that do not have a 

power outlet socket, or which cannot 
provide the h.t. and heater current 
required by the pre-selector, a 
separate power supply will be 
needed.* Fig. 14 shows a simple 
circuit which will provide all the 
necessary supplies required. 

The 5Y3GT rectifier is an octal 
based valve and is available cheaply 
on the surplus market. All com- 
ponents are specified in the Com- 
ponents List and the mains trans- 
former is supplied complete with 
connection details—these also being 
shown on the circuit diagram. It 
will be noted that the rectifier has a 
5 volt heater supply whilst a 6.3 volt 
winding supplies the remainder of 
the valves in the pre-selector circuit. 
The two smoothing capacitors C14 
and C15 are contained within a single 
metal can and the chassis connection 
is made by the metal chassis mount- 
ing clip which should be purchased 
with this capacitor. Note that the 

♦The 2-valve version requires some 20 to 
30mA h.t. current and 6.3 volts at 0.6A for 
the heaters, whilst the 3-valve circuit requires 
about 25 to 40mA h.t. current and 6.3 volts 
at 0.9A. These heater currents do not 
include the current drawn by the pilot lamp. 
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9* HT+ 

l'/2 

11/4* 

11/4* 
L 

(h). (I) 

(a) 

(d) 

(b) CO 

r- 

|l/4* 

3l/2* 

lW 
L 

FRONT 

Fig. 11. Details of the panel and chassis. The panel holes (h) and (/) ore for 
the aerial trimmer C5 and the pilot lamp respectively 

yellow wire (h.t. centre tap) of the 
mains transformer, together with one 
of the green 6.3 volt heater connec- 
tions and the white wire should all 
be connected to chassis. It is im- 
material which of the 6.3 volt heater 
leads is so connected. A suitable 

Components List (Fig. 13) 
Resistors (all 20%) 

Rg lOOkH 
Rs ikn 
Rio ison 

Capacitors 
Cn 0.01(iF tubular (Mullard) 
C12 0.01 itF tubular (Mullard) 
Cu 0.005|j.F mica 

Valve 
V3 EF80 (Mullard) 

Valveholder 
B9A 

From Sjb 

Re 

Chassis 

RFC 

To pin 8 Vj and C7 
To pin 7 V2 
and C4 

Fig. 12. Wiring details of the 
tagstrip mounted between V-. 

and V3 

chassis point will be given by an 
earth tag mounted under one of the 
securing nuts for the rectifier valve- 
holder. Before soldering, all heater 
leads should be scraped with a sharp 
knife so that the thin enamel cover- 
ing is removed exposing the bright 
copper wire, which should then be 
tinned thoroughly. 

A small chassis is needed for this 
power supply and requires to be only 
some 5 x 7 x 2in. 

Finally, the beginner is reminded 
that all leads from the mains trans- 
former and the l.f. choke will have 
to be fed from the top of the chassis 
to the underside, and that all holes 
drilled in the chassis to take these 
leads must be fitted with rubber 
grommets. The output from the 

HT+ 
200-250V 

From 
anode Cl2 

4 
<-0 

II Output 

Chassis 
Fig. 13. Circuit of the added cathode follower stage 

APRIL 1965 599 

www.americanradiohistory.com



Red 250V 
Mains transformer 

250VA.C. 

On/Off 
switch 

HT+ 5Y3GT 
230V LF choke 
60mA •"OOOO^ 
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250V 
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X 
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Fig. 14. A suitable power supply for the 3-yalve preselector 

power supply should preferably be 
terminated in an octal socket 
mounted on one of the chassis walls, 
the pre-selector connecting via an 
octal plug and a 3-way cord. It is 
pointed out here that no "lash-ups" 
are permissible with respect to the 
power pack, all connections should 
be properly soldered and the unused 
mains input tapping wires from the 
transformer primary (there are three 

of these in all, only one being used 
according to the local mains supply) 
should be taped separately, such that 
the bare ends are adequately insu- 
lated. These may then be tucked 
away above the chassis and under 
the transformer itself. Additionally, 
on the secondary side of the mains 
transformer, there is a blue lead 
(6.3V, 2A) on the same winding as 
that supplying heater voltage to the 

Components List (Fig. 14) 
Capacitors 

C14 16ij.F, electrolytic, 350V wkg. 
C15 8ttF, electrolytic, 350V wkg. 

(contained in single can) 
Mains Transformer 

Ellison type MT161 
Plugs and Sockets 

As required—see text 

Onj Off Switch 
Toggle type s.p.s.t. 

LF Choke 
10H, 60mA 

Valve 
5Y3GT 

Valveholder 
International octal 

Chassis 
5 x 7 x 2in 

Miscellaneous 
Capacitor mounting clip, nuts, 

bolts, grommets, earthing tags, 
etc. 

rectifier; also a twin wire (green; 
which is a centre-tap to the main 
6.3V heater supply. Both of these 
leads must be separately taped and 
tucked away in a comer of the 
chassis. 

Elliott-Automation's 

Automatic Circuit Tester 

COMPLEX ELECTRICAL CIRCUITS CHECKED AT TEN TIMES NORMAL SPEED 

The Admiralty has recently placed further orders with Elliott-Automation for automatic circuit testers. These 
orders are the result of the highly successful performance of one of the first Elliott automatic circuit testers which the 
Admiralty bought early last year. This is now in regular production line use and is not only achieving large savings in 
time and improved accuracy in the checking of complex electrical circuits, but has made it possible to use unskilled 
labour in place of skilled workers who are in increasingly short supply. 

On one job alone, the equipment enabled a production run of complex wiring systems to be checked in less than 
one-tenth of the normal time, using unskilled female labour Instead of skilled male labour. 

The Elliott Automatic Circuit Tester replaces the conventional, laborious and time-consuming method of point-to- 
point checks with buzzers and meggers. It checks automatically, rapidly and accurately circuits of from 100-1,000 lines 
for continuity and insulation within preset limits of acceptance. 

It is able to cope with printed circuit boards, and circuits containing relays and similar devices. Checking is carried 
out at approximately 10 tests per second. Normally, a continuity test, followed by an insulation test, is applied con- 
secutively to each circuit. A step-on pulse moves the equipment automatically to the next circuit if the results of the 
current pair of tests are satisfactory. When there is a fault, its location and type is clearly displayed. 
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NEWS AND COMMENT . . . 

Ideal Home 
Visitors to the 1965 Ideal Home 

Exhibition could operate a colour 
TV set on the stand of the British 
Relay orianisation (Empire Hall 
stand New 212). 

As most readers will know, basi- 
cally a colour TV camera first 
analyses the scene into three main 
colours—red, green and blue—and 
produces electrical signals corre- 
sponding to these colours. These 
signals are fed into the receiver where 
each feeds a separate channel in the 
set and produces an image on the 
face of the screen in the appropriate 
colour. After undergoing a com- 
plicated system of transmission the 
three colours then combine into a 
single picture. In the display at the 
exhibition a normal black-and-white 
camera is used to produce a single 
electrical signal corresponding only 
to changes in brightness level. This 
signal is split three ways and fed into 
the red, green and blue channels in 
the receiver. The level of each of 
these colour signals is dependent on 
the setting of the three controls pro- 
vided on the exhibition set on the 
company's stand. 

In another display visitors op- 
erated four sets of push-button 
selector switches linked to four 
remote-control viewing units to 
select and watch four different TV 
programmes — B.B.C.l, B.B.C.2, 
I.T.V., and a special closed-circuit 
programme. 

For Your Diary 
The Eleventh International V.H.E./ 

U.H.E. Convention, organised by 
the Radio Society of Great Britain, 
will be held at the Kingsley Hotel, 
Bloomsbury Way, London, W.C.I, 
on Saturday 10th April, 1965. 

The Convention opens at 11 a.m. 
with a trade exhibition. A lecture 
programme on a variety of topics of 
general v.h.f. interest is arranged for 
the afternoon, and the proceedings 
will end with a dinner in the evening. 
Guests will include Dr. R. L. Smith- 
Rose and Mr. C. G. Phillips, Chief 
Telecommunications Engineer, Min- 
istry of Aviation. 

Tickets are available from the 
Convention Treasurer, Mr. E. E. A. 
Green, G3GMY, 48 Borough Way, 

Potters Bar, Middlesex, at a cost of 
4s. 6d. (Convention only) or 30s. 
(Convention and Dinner). 

Warning 
A transistor set valued at 3,000 

guineas was recently stolen from 
Whiteley's Ltd., the well-known 
London store. Readers are therefore 
advised to be careful before buying 
a transistor receiver with a mink 
case, etc., at a bargain price! 

Taking for Granted 
The editor of Radial, the monthly 

journal of the Radio Amateur 
Invalid and Bedfast Club, com- 
mented in a recent issue on the fact 
that she had been, without her know- 
ledge, enrolled as an honorary mem- 
ber in a radio amateur society, with 
H.Q. in Florida. 

It was not that she objected to the 
objects of the society which seemed 
worthy enough, but to be given an 
operational number and elected to 
membership without so much as a 
by your leave is rather breath taking. 
It seems to rather fall into the cate- 
gory of the pseudo personal letter 
one may receive from a commercial 
organisation stating that one has 
been especially selected as a person 
worthy to take part in a national 
survey, etc. At least in this case 
there is the option of doing nothing 
about it. However, we feel that the 
extension of this sort of thing into 
amateur radio is to be regretted. 

Whitehall 1212 
"Whitehall 1212"—probably the 

world's best known telephone num- 
ber—is to be streamlined when 
Scotland Yard moves next year to 
its new building at No. 10 Broadway, 
Westminster. 

Orders worth more than £200,000 
have been placed with Standard 
Telephones and Cables Limited for 
a new 1800-extension telephone ex- 
change and a 150-line automatic 
teleprinter exchange to form Scot- 
land Yard's new communications 
centre. 

The new system will provide vital 
communication links between divi- 
sional stations, fire and ambulance 
services and Scotland Yard, head- 

quarters of London's Metropolitan 
Police. 

New Tantalum Capacitors 
Newly introduced by Plessey-UK 

Limited is a range of subminiature 
solid electrolyte tantalum capacitors, 
designated Type 'M'. 

Their diminutive size—a typical 
example is 4mm long x 1.8mm 
diameter—makes them suitable for 
such applications as hearing aids, 
personal paging systems, rescue 
beacons, electronic wrist-watches and 
all solid state or thin film circuitry. 

Capacitance range is 0.047|i.F to 
10(iF at d.c. working voltages of 50 
to 1.5V. Other characteristics are: 
temperature range —550Cto -(-850C; 
leakage current, not greater than 2 
microamps at 20oC; power factor, 
25% maximum at 120 c/s; surge 
voltage, rated working voltage plus 
16%. 

A three-dot marking system, based 
on the international colour code, 
gives the capacitance value in pF. 

Operation 
Type M capacitors are polarised 

units for operation with a d.c. bias. 
To prevent reverse polarity, the peak 
value of any a.c. component must 
not exceed the applied d.c. bias. 
Also, the sum of the d.c. bias voltage 
and the peak value of any a.c. com- 
ponent must not exceed the rated 
working voltage of the capacitor. 

Construction 
A porous tantalum anode of sin- 

tered high-purity tantalum powder 
is anodised and impregnated with 
manganese dioxide solid electrolyte. 
Tinned nickel contact leads of 
O.Olin diameter are welded to the 
anode and soldered to the cathode, 
the anode lead being gold "flashed" 
to indicate polarity. The unit is 
metallic coated and encapsulated in 
an epoxy case. 

v . 

Smaller than a lighter flint. 
Type M for Microminiature—the 
latest "Castanet" tantalum 
capacitor developed by Plessey- 
UK Limited, Towcester, 

Northants. 
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THE CHOKE INPUT 

RECTIFIER FILTER 
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IN LAST MONTH'S ARTICLE WE CONTINUED OUR 
discussion on high tension rectifier circuits, 
dealing with the action of the reservoir capacitor 

in full-wave and bridge rectifier circuits. We also 
considered the smoothing circuits—choke and 
capacitor, and resistor and capacitor—which may 
be employed to obtain a final rectified direct voltage 
having a low ripple component. We shall now turn 
our attention to rectifier circuits which do not have 
a reservoir capacitor. 

Choke Input 
Fig. 269 (a) illustrates a full-wave rectifier, the 

cathodes of whose diodes connect directly to a 
choke, the latter being followed by a large-value 
capacitor. There is no reservoir capacitor. As we 
may expect from our previous discussions, positive 
half-cycles are applied to the left hand terminal of 
the choke, these having the appearance shown in 
Fig. 269 (b). The mean direct voltage of this wave- 
form is also indicated in Fig. 269 (b). The choke 
offers a high reactance to the alternating component 
of the waveform, and the capacitor which follows 
it a low reactance, with the result that only a small 
proportion of the alternating component of the 
waveform appears across the load. At the same 
time, the choke offers a low resistance, and the 
capacitor a very high resistance, whereupon nearly 
all the mean direct voltage appears across the load. 

It is important to note that (assuming negligible 
internal resistance in the transformer and diodes 
and sufficient inductance in the choke) the mean 
direct voltage in Fig. 269 bears a fixed relationship 
to the alternating voltage applied to the rectifier 
anodes. It is, in fact, 0.9 times the r.m.s. value of 
the alternating voltage appearing across each half 

of the transformer secondary (or 0.45 times the 
r.m.s. voltage across the entire secondary). This 
represents quite a different state of affairs to that 
which occurred when we had a reservoir capacitor. 
With the assumptions just made, the mean direct 
voltage at the rectifier cathodes of Fig. 269 (a) is 
fixed, regardless of changes in load current. With 
a reservoir capacitor immediately following the 
rectifier cathodes, the mean direct voltage is not 
fixed, and it falls with increase in load current. It 
may be seen, therefore, that the rectifier circuit 
without the reservoir capacitor offers much better 
regulation (i.e. it has a much greater ability to 
maintain the output voltage constant despite 
changes in load current) than has the rectifier circuit 
with the reservoir capacitor. 

In practice, the mean direct voltage offered by the 
rectifier circuit without reservoir capacitor is not 
entirely constant. This is because there is a small 
fall in the output voltage at the diode cathodes with 
increase in load current due to the inevitable 
internal resistance in the transformer secondary and 
the rectifiers. These factors also, of course, similarly 
apply to the circuit with the reservoir capacitor. 

The main advantage of the full-wave rectifier 
without reservoir capacitor is the high regulation it 
provides. There is, also, the point that the rectifier 
is not called upon to pass the high peak charging 
currents which flow when a reservoir capacitor is 
used. A disadvantage is that the rectified voltage 
is lower, for a given transformer secondary voltage, 
than is provided when a reservoir capacitor is 
employed. 

A bridge circuit without reservoir capacitor is 
shown in Fig. 270. This causes half-cycles to appear 
across the load which are the same as those given 
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The mean direct voltage here is 0.45 times the r.m.s. 
value of the applied alternating voltage. 

Choke and Capacitor Inputs 
As we have just seen, the performance of the 

rectifier circuits of Figs. 269 to 271 is quite different 
from that of rectifier circuits having a reservoir 
capacitor. The two basic types of circuit may be 
differentiated in terms of the filter which follows the 
rectifier, whereupon we may say that the circuits 
in Figs. 269 to 271 represent rectifiers with a choke 
input filter, and that when a reservoir capacitor is 
employed we have rectifiers with a capacitor input 
filter. 

We commenced our description of high tension 
rectifiers with the capacitor input version because 
this is far more frequently employed in common 

I 
Source of 
alternating 
voltage 

\  
Load; 

Tknc 
(b) 

Fig. 269 (o). A full-wave rectifier circuit 
without a reservoir capacitor. The rectifier 

cathodes connect directly to the choke 
(b). The waveform appearing at the rectifier 
cathodes. The mean direct voltage is 0.9 times 
the r.m.s. value of the alternating voltage 
across each half of the transformer 

secondary 

by the full-wave rectifier of Fig. 269. The mean 
direct voltage is, in consequence, 0.9 times the r.m.s. 
value of the applied alternating voltage. 

Fig. 271 (a) shows a half-wave rectifier without 
reservoir capacitor. In this instance the half-cycles 
at the rectified cathode are spaced out with half- 
cycle intervals between them, as in Fig. 271 (b). 

Source of 
altematlng 
voltage 

(a) 

Load 

Fig. 270. A bridge rectifier circuit followed by 
a choke and capacitor, and without a reservoir 

capacitor 

Voltage 
at 

rectifier 
cathode I 

A A . Mean 

1 \ 1 1 
\ direct 

I voltage 

Time 
(b) 

Fig. 271 (a). The half-wave rectifier followed 
by a choke and capacitor 

(b). The waveform at the rectifier cathode. 
The mean direct voltage is 0.45 times the 
r.m.s. value of the applied alternating voltage 

radio applications. Also, the capacitor input circuit 
offers a somewhat easier introduction to h.t. rectifier 
and smoothing principles. Most radio circuits draw 
a reasonably steady current from the h.t. supply 
and do not, in any case, normally require an 
exceptionally well regulated h.t. voltage. The 
capacitor input rectifier circuit is much more 
attractive for such applications, because it allows a 
higher rectified voltage to become available, for the 
same alternating voltage input, than does the choke 
input circuit. Also, the reservoir capacitor provides 
a significant degree of smoothing itself, and can 
often be followed by relatively inexpensive resistor- 
capacitor smoothing circuits. The choke input 
filter is normally employed only when a high degree 
of h.t. voltage regulation is required. It is most 
commonly encountered in some classes of trans- 
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Fig. 272. To provide additional smoothing, a 
second choke and capacitor may follow the 

choke and capacitor of Figs. 269 to 271 

mitter equipment whose current requirements vary 
widely in use, and in some pieces of test equipment. 
Normally, the choke input filter would be used with 
a full-wave or bridge rectifier circuit, as the half- 
wave circuit offers too low an output voltage and 
has a fundamental ripple frequency which is half 
that given by the full-wave and bridge versions. 
Nevertheless, the half-wave rectifier with choke 
input filter may occasionally be encountered when 
low rectified voltages at low currents are required. 
If the current requirement is sufficiently low, the 
input choke may be replaced by a resistor. 

When a rectifier with a choke input filter is used, 
a second choke and large-value capacitor may be 
added, as in Fig. 272, to provide additional smooth- 
ing. 

Peak Inverse Voltages 
The subject of peak inverse voltages was previously 

introduced in the light of rectifier circuits having a 
capacitor input filter. This approach was used 
because, once again, it enabled a simple explanation 
to be presented. If we now briefly examine the 
question of peak inverse voltage with a choke input 
filter we will find that this remains the same for the 
full-wave and bridge rectifier circuits, but differs for 
the half-wave circuit. 

Fig. 273 (a) illustrates a full-wave circuit with 
capacitor input filter at an instant when the applied 
alternating voltage is at peak level, and when the 
upper terminal of the transformer secondary is 
negative and the lower terminal positive. Following 
our discussion in last month's article (when we 
examined the peak inverse voltage in a circuit of this 
type) we can say that, assuming negligible load 
current, the reservoir capacitor becomes virtually 
fully charged and has peak voltage across its plates, 
the upper plate being positive, as shown. This 
voltage across the reservoir capacitor is in series 
with the peak voltage across the upper half of the 
transformer secondary, whereupon twice that peak 
voltage appears, with non-conducting polarity, 
across the upper diode. Thus, the peak inverse 
voltage applied to the upper diode is twice the peak 
voltage across half the transformer secondary; and 
corresponds to 2.828 times the r.m.s. voltage across 
half the secondary or 1.414 times the r.m.s. voltage 
across the entire secondary. 

In Fig. 273 (t>), we have the same alternating 
voltage conditions, but we have now changed to a 
choke input filter. Despite the lack of reservoir 

Source of 
allemating 

voltage 

® vpeak 
+ Vpeak n 

To load 

Reservoir 
capadtor 

(a) 

n Source of 
alternating 

voltage 

I f 

% vpeak 

e" To load 
—i rTFnrv-r   

I 

i n 
v - Vak vpeak -f 

(b) 

n Source of 
alternating 

voltage 

• Vpeak 
__ V T

To '0S.d 

>its Bp 

j i 

Zero 
volts 

(c) 

Fig. 273 (a). With a reservoir capacitor, the 
peak inverse voltage on each diode of the 
full-wave rectifier shown here is twice the peak 
value of the alternating voltage across half the 
transformer secondary. Here, and in (b) and 
(c), Vpeak refers to the peak voltage across half 

the transformer secondary 
(b). When a choke input filter is used the peak 
inverse voltage is not altered, since the 
conducting lower diode causes positive peak 
voltage to appear at the cathode of the upper 

diode 
(c). Removing the lower diode results in the 
upper diode functioning as a half-wave rectifier. 
Peak inverse voltage (assuming sufficient 
inductance in the choke) is now equal to 

Vpeak 
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vpeak 
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Source of alternating 
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(b) 
Fig. 274 (a). The bridge rectifier circuit with 
choke input filter, at an instant when the 
applied alternating voltage is at peak level 

with the polarity shown 
(b). In (a) V2 and V3 are conducting and, 
assuming negligible voltage drop in these 
diodes, could be replaced by short-circuits. 
The peak voltage is then applied, with 

non-conducting polarity, to Vi and V4 

capacitor, the cathode of the upper diode is still at 
peak positive potential because this potential is 
applied to it by the conducting lower diode. In 
consequence, the peak inverse potential applied to 
the upper diode is, once again, 2.828 times the r.m.s. 
voltage appearing across half the transformer 
secondary, or 1.414 times the r.m.s. voltage across 
the entire secondary. By reversing the polarity of 
the applied alternating voltage, this peak inverse 
voltage will be similarly applied to the lower diode. 

Fig. 273 (c) repeats the peak alternating voltage 
conditions of Fig. 273 (A), but the lower diode is 
now removed, thereby causing the upper diode to 
operate, on its own, as a half-wave rectifier. Due 
to the absence of the lower diode, the cathode of 
the upper diode is now at the same potential as 
the negative end of the load or the centre-tap of the 

From rectifier 
cathode (s) 

-rm*- 

Bleeder 
resistor Load 

Fig. 275. Adding a bleeder resistor across the 
output from a choke input filter 

transformer secondary. Thus, the peak inverse 
voltage across the diode is equal to the peak value 
of the voltage appearing across half the transformer 
secondary. The lower half of the transformer 
secondary now plays no part in circuit operation, 
so we may conclude that the peak inverse voltage 
for the half-wave rectifier with choke input filter is 
the peak value of the applied alternating voltage, 
or 1.414 times its r.m.s. value. It will be recalled 
that, with a reservoir capacitor, the peak inverse 
voltage of the half-wave rectifier is 2.828 times the 
r.m.s. value of the applied alternating voltage. 

It should be added that this last explanation 
assumes that the choke has a sufficiently high 
inductance to meet the requirements of the circuit. 
If choke inductance is too low the filter circuit will 
tend to function as a capacitor input filter, and the 
peak inverse voltage across the diode may, in 
consequence, become greater than 1.414 times the 
r.m.s. value of the applied alternating voltage. Too 
low an inductance in the choke will, with the full- 
wave and bridge circuits, similarly cause the filter 
to function more as a capacitor input circuit. 
However, in these cases there is no alteration in 
peak inverse voltage (which is the same for both 
types of filter) but regulation may suffer. As we 
shall see shortly, the minimum amount of inductance 
required for true choke input operation varies 
according to rectified voltage and load current. 

Reverting to the subject of peak inverse voltage, 
Fig. 274 (a) shows a bridge rectifier with a choke 
input filter. The applied alternating voltage is at 
peak level, its upper terminal being positive and its 
lower terminal negative. Under these conditions 
V2 and V3 are conducting whereupon, assuming 
negligible voltage drop in these diodes, we may 
replace them with short-circuits, as illustrated in 
Fig. 274 (6). As may now be seen, the peak voltage 
is applied, with non-conducting polarity, across 
diodes Vj and V4. Thus, the peak inverse voltage 
for these diodes is the peak value of the applied 
alternating voltage. Reversing the polarity of the 
applied alternating voltage will cause the same peak 
inverse voltage to be applied to diodes V2 and V3. 
Thus, the peak inverse voltage for the diodes in a 
bridge rectifier circuit with choke input filter is the 
peak value, or 1.414 times the r.m.s. value, of the 
applied alternating voltage. Interested readers may 
note that the circuit of Fig. 274 (b) is similar to that 
of Fig. 264 (b) in last month's article, which demon- 
strated that the same peak inverse voltage was given 
with a capacitor input filter. 
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Choke Inductance 
For true choke input operation, the inductance 

of the choke must be greater than a certain critical 
inductance, which varies directly as rectified voltage, 
and inversely as the load current.1 Thus, as load 
current decreases, the critical inductance increases. 
Because of this effect, manufacturers of rectifiers 
which may be used with choke input filters normally 
specify minimum inductance requirements at various 
load currents and voltages. 

Due to its inverse relationship with load current, 
the critical inductance required for true choke input 
operation may be exceptionally high at low load 
currents. At zero load current it is, indeed, infinite! 
In consequence, it is a common practice to connect 
a bleeder resistor across the load, this resistor 
ensuring that, despite variations in load current, the 
output current from the rectifier is never less than 
a value which permits the use of a choke having a 
reasonable practicable inductance. Such a bleeder 
resistor is shown in Fig. 275. The power dissipated 
in the bleeder resistor is, of course, wasted, but the 
use of this component is well justified if it gives a 
saving of cost in the choke.2 

An alternative manner of looking at the function 
of the bleeder resistor is to state that it can prevent 

1 An approximate value for critical inductance, in henrys, with 
a full-wave or bridge rectifier operating from a 50 c/s supply is V c—r-rr, where V is voltage across the load, and I is current in amps I x 940 
flowing through the load. (F. Langford-Smith, Radio Designer's 
Handbook, Iliffe, fourth edition, page 1182.) 2 A resistor connected across a high tension power supply is 
normally described as a bleeder resistor even when its function is not 
that of maintaining favourable critical inductance conditions in a 
choke input filter, as occurs here. Frequently, such resistors are added 
to high voltage rectifier circuits (both capacitor input and choke 
input) to ensure that the capacitors following the rectifier discharge 
quickly after the ax. supply is switched off", and do not therefore 
present a shock hazard to people working on the equipment. 

the rectified current falling below a level which 
causes critical inductance to be higher than that 
offered by a practicable choke. At low load currents, 
it therefore prevents the filter tending to function 
as a capacitor input circuit, and the consequent 
appearance of undesirably high voltages across the 
load. 

To meet the requirements of the circuit the in- 
ductance of the choke has to be greater than 
critical inductance at the lowest load current 
anticipated. However, this means that the choke 
may have an unnecessarily high inductance for 
higher load currents. When load currents vary 
widely, the result could be that a needlessly expensive 
component is used, its cost being warranted only 
at the lower load currents. A solution to this 
problem consists of employing a swinging choke. 
A swinging choke is a relatively low-cost component 
which exhibits a high inductance at low direct 
currents and a low inductance at high direct 
currents. Such a performance is achieved by the 
use of a smaller iron core than would be required 
in a choke which offered a reasonably constant 
inductance at all currents. The falling inductance 
of the swinging choke is due to its core approaching 
saturation as the direct current through its windings 
increases, and this effect is permissible in the present 
application.3 

Next Month 
This completes our consideration of the diode as 

a power supply rectifier. In next month's article we 
shall discuss its use as a signal detector. 

3 See "Understanding Radio" in the June, July and August, 1963, 
issues, which give a detailed explanation of the operation of iron- 
cored components. 

B.II.C1 PKE-IMPIIHER 

By J. D. BENSON 

Considerable interest was aroused by our contributor's "B.B.C.2 U.H.F. Amplifier", which 
appeared in our September 1964 issue. The present article describes another TV u.h.f. pre- 
amplifier, this being based on a British transistor and having a significantly improved performance. 
Of particular importance is the fact that optimum noise performance is automatically obtained 

by the normal process of tuning up the aerial circuit 

IN THE SEPTEMBER, 1964, ISSUE THE AUTHOR 
described a B.B.C.2 amplifier using a transistor 
of foreign origin.1 The amplifier aroused 

great interest, but supplies of the transistors recom- 
mended have not, apparently, been as readily 
available as had been hoped. There is, however, 
a transistor of British manufacture now available 
at lower cost. This transistor, the AF186, is manu- 

1 John D. Benson, "B.B.C.2 U.H.F. Amplifier", The Radio Con- 
structor, September, 1964. 

factured by Mullard Limited, who have kindly 
given the author permission to incorporate data 
regarding this transistor into an article on the 
construction of a v.h.f. pre-amplifier. The pre- 
amplifier has been fully tested at the Mullard 
Central Applications Laboratory, and gives results 
superior in some respects to that described in the 
September issue. 
Strict Adherence To Design 

Before proceeding to the constructional details, 
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Fig. 1. The circuit of the pre-amplifier when this is 
mounted near the receiver. Resistors Ri, R2 and Rj 
ore mounted outside the chassis. Coil L2 consists, 

in practice, of the lead-out wire of C2 

it must be pointed out that, if maximum results 
are to be obtained, it is imperative that the design 
be strictly adhered to. There are two important 
points which must be accurately observed, these 
being the total length of the lead which forms 
L2 and the length of lead between the transistor 
base and Q in the mast-head version. The reason 
for this is that, at u.h.f., a length of wire exhibits 
inductive characteristics, and these can introduce 
instability or otherwise generally impair the per- 
formance of the amplifier if the design is not carefully 
followed. 

The amplifier described in this article is designed 
around a centre frequency of 570 Mc/s, (Channel 

Fig. 3. Underside and top 
views of the chassis when the 
circuit of Fig. 1 is employed. 
Chassis depth is 1/n. The 
chassis must be made of a 
solderable material in order that 
both the centre screen and the 
feed-through capacitors may be 
soldered to it. When used, the 
transistor holder is fixed to the 
chassis surface, the transistor 
body then being above the 
chassis. The base and shield of 
the transistor connect directly to 

the centre screen 
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9 V 
* Lj c2 © (OUT) 

■ ■ 5 o 
y6 

II T II II 

*3 

TOP VIEW 
33, as currently used by B.B.C.2, London) and 
has a bandwidth of 80-100 Mc/s in order to cover 
the four possible channels in any one area. It is 
intended to operate from a 75fl source and into a 
750 load. For optimum noise matching the 
transistor should be presented with a 500 source 
resistance, the required impedance transformation 
being given by the wide-band input circuit, Q, 
L2. (See Fig. 1.) Capacitance Q is provided by 
a concentric trimmer, whilst L2 consists, in practice, 
of the lead-out wire from coupling capacitor C2. 
This lead-out has a total length of fin, and presents 
the required inductance in its "straight" condition 
(i.e. not coiled). Adjusting Q for maximum 

Fig. 2. The mast-head version. With this, the 
9 volt supply is applied via the coaxial downlead 
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UNDERSIDE VIEW 

Fig. 4. The layout and wiring 
for the circuit of Fig. 2. The 
shield of the transistor connects 

directly to the centre screen 

95 

Chassis 
connection 

C6 
AFI86 

R3 

c7 

-6mm 

gain automatically ensures that a close approxima- 
tion to the required match for optimum noise 
performance is obtained. The coil Li protects 
the transistor against high voltage surges, such 
as from lightning, and also bypasses unwanted 
signals of lower frequency. 

The transistor is a Mullard AF186 and, in the 
prototype (where a number of transistors were 
tested for performance), a Mullard u.h.f. T018 
transistor holder was incorporated for convenience. 
In the Fig. 1 circuit, which shows the version 
intended for use near the TV receiver, the base of 
the transistor connects directly to chassis, with the 
result that the 9 volt supply is "floating" (i.e. 
neither terminal is at chassis potential). In the 
mast-head version, the circuit of which is shown 
in Fig. 2, the base cannot be at chassis potential 
because the supply voltage is fed along the coaxial 
down-lead. The base is, in consequence, bypassed 
by the low-inductance feed-through capacitor, 
Cg, and it is most important that the lead from 
the base to this capacitor be as short as possible, 
and definitely less than 3mm, to avoid instability. 
The base lead to chassis in the Fig. 1 circuit must 
also be as short as possible for the same reason. 

Fig. 5. Capacitor C3 employs 
a thin copper sheet of the 
dimensions shown here. The 
thickness should be of the order 

of 26 s.w.g. 

TOP VIEW 

The Output Circuit 
The output bandwidth is 

largely determined by the 
position of the tapping on L4. 
Higher gain can be obtained 
by altering the position of 
the tap, but at the expense of 
bandwidth. Details of the 
coil are given in the Com- 
ponents List. L4 is tuned by 
adjusting its length and by 
varying the capacitance of- 
fered by C3. C3 is not a 
conventional trimmer but is 
provided by a thin copper 
sheet, 6mm square, which in 
the prototype was soldered 
to the collector pin of the 
transistor holder, variations 
in capacitance being ob- 
tained by bending this closer 
to, or further away from, the 
centre screen. Adjusting C3 
has less effect on bandwidth 
than has varying the length 
of L4. The tapping point as 
designed, allows for a band- 
width of 80-100 Mc/s. 

The amplifier is designed 
to operate from a 9 volt supply, and the current 
consumption is of the order of 2.5mA. 

The power gain and bandwidth taken from a 
number of tests with different transistors ranged 
from 11 to 15dB, and the bandwidth from 90 to 
110 Mc/s. The average noise figure was 7.1dB. 

Two versions may be constructed, one for fitting 
to an existing installation of the receiver and 
where access to the aerial is not practical. This 
circuit, as was mentioned earlier, has a floating 
battery supply. The other version is for mast-head 
fitting, the battery power being fed via the aerial 
feeder. When fitted at the mast-head, the amplifier 
will give better results as the signal/noise ratio is 
improved. The amplifier gives a greater overall 
improvement than can be achieved by increasing 
the aerial size. 

Construction 
It will be seen from the dimensions given in the 

drawings that the chassis on which the amplifier 
is built is quite small, being only 1 x H x lin deep. 
The construction of the chassis will be greatly 
simplified if all the drilling is carried out whilst 
the metal is in the flat state. After drilling has 
been completed, the chassis can be formed on a 
block of hardwood cut to the inside dimensions 
of the chassis. The screen should be soldered in, 
with a good fillet of solder on each side and at the 
bottom. When the transistor holder is used, there 
is no danger of damage to the transistor by soldering. 
Check carefully, when inserting the transistor 
into such a holder, that the positioning of the 
leads is correct. The construction is quite straight- 
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forward, but particular attention must be paid 
to ensuring that the lead from C2 to the transistor 
emitter is very short and that its other lead, to Q, 
is Jin long. In constructing the mast-head version, 
great care must,be paid to the positioning of Ce, 
so that the connecting lead to the transistor base 
is as short as possible.2 

For outdoor mast-head fitting, the amplifier 
can be contained in a wooden box fitted with 
grommets, through which pass the input and output 
cables. A lid can be screwed on to make the amplifier 
water-tight. 

It is best if the chokes are doped to prevent 
alterations due to vibration. 

Setting/up and tuning requires a little patience 
to obtaii the best results. Initially L4 should be 
wound Mdth double wire diameter spacing. Q 
should be first adjusted for best results and then 
further improvement made by adjusting C3. If 
adjustment of C3 is insufficient to tune through 
signal leak then the coil should be slightly compres- 
sed or opened out as required, after which re- 
tuning is carried out by adjustment of C3. Finally, 
Cj should be adjusted for optimum results, this 
ensuring that the best noise match is obtained. 

The battery panel connector shown in Fig. 6 
is used when the amplifier is fitted at the mast-head. 
An on/off switch could also be fitted to this to 
eliminate the removal of the power supply when 
not in use. 
Acknowledgements 

Grateful acknowledgements are due to Mullard Limited for the 
information used in this article. 

2 The desirability of introducing as little base inductance as possible 
into a common-base u.h.f. amplifier is most important. Cg is a 
feed-through capacitor, and its skirt should be reliably soldered, 
all round, to the chassis. It would be preferable to make the base 
connection to the capacitor spill fairly close to its ceramic sleeve, 
but care must be taken here not to use undue heat when soldering, 
as this may have injurious results on the internal solder joint in the 
capacitor itself.—Editor. 

Editor's Note.—Where applicable in the Components List, 
components are specified, in brackets, by the make and type number 
employed in the prototype. Constructors may have difficulty in 
obtaining some of these particular components through the normal 
retail channels, but the more experienced should be able to fit alterna- 
tives quite successfully. 

From ompBfier Coaxial sockets 

Paxolin base receiver 

Battery _ 
connectors 

Fig. 6. The socket panel needed at the receiver 
when the mast-head version of the pre-amplifier is 
used. Dimensions (a) and (b) may be chosen to suit 

a PP9 battery 
The ceramic trimmer, Ci, is of the concentric type fitted to 

television tuner units in which the earthy member is an adjustable 
screw passing down a ceramic tube. The non-earthy member is 
provided by a conductive sleeve, or silvering, on the outside of the 
ceramic tube. Soldering (or otherwise mounting) the trimmer to 
the chassis automatically makes the earth connection to the screw, 

C2 and C4 are ceramic "bead" capacitors, and it would be preferable to use "bead" components here, if available. Nevertheless, ap- 
proximately equivalent results should be given by small disc types. 

The Erie capacitor type CFT 2500 (C5, Qj, C7) is a miniature 
ceramic feed-through component having a circular skirt for soldering 
to the chassis. The dimensions of its ceramic body are iin long by 
0.194 in maximum diameter. Any small feed-through capacitor 
could be used here. A proviso, with Cg in the Fig. 2 version, is that 
the overall conductor length to the transistor base must be kept 
short. 

The constructor may have considerable difficulty in obtaining a 
transistor holder suitable for the TO 18 lead spacing. In place of 
such a holder, a small panel of Paxolin, or preferably nylon, sheet 
can be screwed down over the hole where the holder would mount, 
and have four holes drilled to the correct TO 18 spacing. The tran- 
sistor wires may then be passed through these holes and soldered 
into circuit. The transistor should not be mounted without such 
an anchorage if a holder is not available. Since L4 is a fairly robust 
winding, it should be possible to solder the trimmer plate of C3 at 
its connection with the transistor lead. 

The AF186 transistor may be obtained from Home Radio (Mitcham) 
Ltd., or any Mullard dealer on special order. 

Components List 

Resistors 
(All resistors 10% J watt) 

Ri IkH 
R2 4.7k O 
R3 12kO 

Capacitors 
Cj 0.7 to 3.7pF, tubular ceramic trimmer 

(Philips type C004CA/3E) 
C2 22pF, ceramic Hi-k bead capacitor (Philips 

type C322BD/P22E) 
C3 See text 
C4 5pF, ceramic Hi-k bead capacitor (Philips 

type C322BD/M5E) 
C5,6,7 l,000pF feed-through (Erie type CFT 

2500) 
Cs 70pF ceramic. (Required for mast-head 

version only) 

Inductors 
Lj 10 turns 30 s.w.g. enamelled copper, 3mm 

diameter, turns spaced by wire diameter 
L2 Formed by lead on C2—length Jin 
L3 As for Li 
L4 2 turns 22 s.w.g. enamelled copper, 5mm 

diameter, spacing to be adjusted for tuning 
(see text), tapped at j turn from earthy 
end (nearest C7) 

Ls.g 15 turns 30 s.w.g. enamelled copper, 
Jin diameter, Jin long. (Required for 
mast-head version only) 

Transistor 
Mullard type AF186 

Plugs and Sockets 
2 coaxial plugs and sockets (4 for mast-head 

version) 
Transistor holder. See Editor's Note 
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This month Smithy the Serviceman, aided as always by his able assistant, Dick, takes a look 
at capacitors, dust cores and CR circuits. We, in turn, take a look at Smithy, to discover a 

completely unsuspected facet of his personality 

"Now, children, you must never let 
your angry passions rise." 

Open-mouthed, Dick placed his 
cup of tea on the bench and looked 
incredulously at the preoccupied 
Smithy. 

"Your little fists were never meant 
to black each others' eyes!" 

"What on earth," enquired Dick, 
"are you on about ?" 

The Serviceman blinked, and 
slowly brought his eyes into focus on 
his assistant. 

"Pardon?" he asked bemusedly. 
"I was miles away just then." 

"I'll say you were," agreed Dick. 
"You were spouting some verse 
about angry passions and blacking 
people's eyes!" 

"So I was," replied Smithy, now 
almost fully restored to his normal 
self. "Funnily enough, that little 
jingle has been at the back of my 
mind for ages, and I've been racking 
my brains trying to remember ex- 
actly how it went. Then, just now, 
it suddenly came back to me." 

"Who," asked Dick idly, "wrote 
those lines, anyway?" 

"They were spoken rather than 
written," rephed Smithy. "Harry 
Wharton used to say them when he 
bumped into some of the other boys 
having a scrap. Or was it Tom 
Merry?" 

Measuring Capacitance 
"Don't ask me," rephed Dick 

dispassionately. "I haven't the faint- 
est idea what you're talking about. 
Besides, now that we've just started 
our tea-break, I was hoping you 
could clear up a few odd technical 
queries I've bumped into recently." 

"What, again?" snorted Smithy. 
"Dash it ah, it seems impossible for 
me to have even a few minutes clear 
of technical matters these days. 
What are these queries of yours 
about, anyway?" 

"All sorts of things," replied Dick 
promptly. "To start off with, how 
do you measure low value fixed 
capacitors ?" 

"With a capacitance bridge," 
rephed Smithy, "or a similar type 
of instrument." 

"I know that," said Dick impa- 
tiently. "What I mean is, how do 
you get reahy accurate measurements 
without conflicting results due to the 
way in which the test connections 
are made? If, for instance, you 
connect to the capacitor by means 
of crocodile clips, you're hable to 
get a higher reading if the chps hap- 
pen to be close together than if you 
keep them well apart." 

"That's bound to happen," rephed 
Smithy. "So far as general service 
work is concerned, though, it's quite 
a simple matter to avoid serious 
errors. Significant errors in measure- 
ment are only liable to occur with 
fixed capacitors lower than lOpF or 
so, and the errors start to become 
reahy important if the capacitor 
value is of the order of 2pF. It's 
normally safe to assume that the 
capacitance value marked on the 
component is that given by the body 
of the capacitor on its own, where- 
upon measurements should be car- 
ried out with as little additional 
capacitance given by the test leads 
as possible. Or, indeed, by the 
lead-out wires of the capacitor 
itself." 

"Blimey," remarked Dick, "that's 
going it a bit, isn't it? Don't tell me 
that the capacitance between the 
lead-out wires is hable to mess" up 
your readings." 

"It can do," said Smithy. "The 
self-capacitance between the two 
lead-out wires of, say, a smah 
tubular ceramic would be of the 
order of O.lpF if they were uncut 
and ran parallel to each other (Fig. 
1). That doesn't sound much, I 
know, but it's still 5 % of the value 
of a 2pF component. If you want 
reasonably accurate measurements 
with these very low value capacitors 
the best thing to do is to splay the 
leads out before connecting up to 
the measuring equipment" (Pig. 2). 

Dick digested this information, 
then returned to the attack. 

"What happens," he resumed, "at 
the capacitor factory? Don't teh me 
that they splay out the leads of 
every capacitor they check there." 

"Oh no," said Smithy. "If the 
leads of low value capacitors pro- 
trude in the same direction they're 
usually checked at the factory with 
lead-out wires screened." 

"Screened ?" 
"In a jig," added Smithy helpfully. 
"I can see," commented Dick, 

"that this isn't going to be one of 
my days. How are the lead-outs 
screened in a jig?" 

"In a very simple manner," replied 
Smithy, reaching over to pick up a 
note-pad and pencil from Ids bench, 
"which I shall now describe to you. 
I'll sketch out a suitable jig first 
(Fig. 3 (a)). As you can see, all this 
consists of is a pair of long contact 
assemblies poking up from a piece 
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of insulating material, these being 
spaced apart such that they com- 
fortably accept the leads of the cap- 
acitor which is to be tested (Fig. 
3 (6)). The capacitance measuring 
gear then connects to the two 
contacts." 

"I still don't get it," said Dick. 
"Surely there must be a whacking 
great capacitance between those con- 
tact assemblies on their own!" 

"There is," agreed Smithy. "But 
I haven't finished my explanation 
yet. You start off by measuring the 
capacitance offered by the jig with 
no capacitor inserted. You then 
pop the capacitor under test into the 
jig, and meafure the new capacitance. 
The true value of the capacitor is 
then the aifference between these 
two readings." 

"Well, I'm blowed," exclaimed 
Dick, "that is a neat approach! 
With that jig idea, you can't help 
but find the value of the capacitor 
minus its lead-outs because these are 
screened from each other by the jig 
contacts." 

"Exactly," said Smithy. "And I 
should add that if you ever do any 
experimenting with very low value 
capacitors it's not a bad idea to 
knock up a little jig of this type 
yourself. It doesn't have to be all 
that elaborate, and you can easily 
use narrow diameter brass or copper 
tubing or something like that instead 
of the contact assemblies (Fig. 4). 
You'll get quite adequate contact for 
measurement purposes if you just 
pass the capacitor lead-out wires 
down such tubing." 

Dust Cores 
"Smithy," said Dick enthusiasti- 

cally, "you're a genius! I'm going 
to knock up one of those little 
measuring jigs as soon as I get the 
chance." 

"Fair enough," said Smithy equa- 
bly. "More tea please!" 

Capacitance 
between Icad- 
-auts esOlpF 

1-75 

,0-3 

Fig. 1. A typical tubular 
ceramic capacitor, showing 
approximate dimensions for the 
lead-outs when these are uncut 
and run parallel to each other. 
The capacitance between the 
leads on their own may be of 

the order ofO.lpF 

Obediently, Dick rose, picked up 
Smithy's empty cup, and trod the 
well-worn path towards the varie- 
gated collection of utensils which 
took pride of place alongside the 
Workshop sink. As he busied him- 
self with the teapot, a thought 
occurred to him. 

"Who was that chap you were 
talking about just now?" he asked 
over his shoulder. "What was his 
name—Tom Wharton?" 

Smithy winced. 
"Harry Wharton," he protested. 

"I was talking about Harry Wharton 
and Tom Merry." 

"All right then," persisted Dick. 
"Who were theyT' 

"They were schoolboys," rephed 
Smithy. "For many years before 
the war, Harry Wharton appeared 
in the Magnet and Tom Merry in 
the Gem." 

"Oh," said Dick doubtfully. 
"Were these comic papers or some- 
thing? Like the Beano, or Super- 
manV 

A look of intense anguish crossed 
Smithy's face. 

"The Magnet and the Gem," he 
pronounced, "were properly written 
magazines which came out once a 
week. I used to like the Magnet 
myself, but a lot of my friends pre- 
ferred the Gem. You used to get a 
full-length story in each issue." 

"Sounds interesting," commented 

Crocodile clips 

(a) 

Terminals 

(b) 
Fig. 2. For reasonably accurate 
measurements of very low value 
capacitors it is advisable to 
splay the leads out as shown 
here. Where test connections 
are made to the capacitor by 
crocodile clips, as in (a), these 
should not be allowed to 
approach each other too closely. 
In (b) the low value capacitor is 
shown connected to test 

equipment terminals 

Dick. "What were the stories 
about?" 

"Well," said Smithy, "they were 
mainly about life at the boys' schools. 
Harry Wharton went to a large 

bection X-X 

Phosphor bronze 
contacts   

Terminals 

ted base 

(a) 

Test capacitor 

(b) 

Fig. 3 (o). A testing jig for measuring low value fixed capacitors 
(b). A capacitor fitted to the jig. The lead-out wires pass down the contact 

assemblies 
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school called Greyfriars, and Tom 
Merry to a similar sort of school 
called St. Jim's." 

"Oh I see," said Dick brightly. 
"Sort of comprehensive schools." 

Smithy blenched violently. 
"Let us," he said weakly, "change 

the conversation. I've never known 
anyone like you for trampling 
memories underfoot." 

"I'm sorry," said Dick contritely. 
"Were those tales really good?" 

"They were the best," replied 
Smithy, a dreamy look coming into 
his eyes. "There will never be any 
stories like those again, ever." 

Dick passed Smithy his cup of tea 
and decided that he had better divert 
the Serviceman's mind from its 
presept nostalgic channels. 

"I bumped into rather a queer 
little phenomenon the other day," 
he remarked at random. 

Reluctantly, Smithy dragged his 
thoughts away from his lost Arcadia 
of the Magnet and returned to the 
present world of electronics, of tele- 
vision, and of the enquiring visage 
of his assistant in search of know- 
ledge. 

"Oh yes," sighed Smithy, "and 
what was that?" 

"Dust cores," replied Dick. "I 
found an iron-dust core which 
didn't seem to have as much perme- 
ability as the ones we normally 
handle." 

"That seems reasonable enough," 
commented Smithy, dismissing his 
memories for the moment. "What 
happened ?" 

"I had a broken core in an inter- 
nally threaded coil former," said 
Dick. "So, after I'd taken the pieces 
out, I fitted another one of the same 
size which I found in my spares box. 
And it just wouldn't tune the coil at 

Solder 

2-5 

g 
s: v 

all! Whilst the previous core brought 
the coil up to its correct inductance 
when it was about two-thirds of the 
way in, the new one couldn't do this 
even when it was right in the middle 
of the winding. And yet both cores 
had identical dimensions, and they 
both looked exactly the same." 

"What probably occurred," said 
Smithy, "was that the broken core 
was an ordinary type intended for 
working at the lower radio frequen- 
cies, whilst the replacement core was 
a v.h.f. type." 

"Come again?" 
"The replacement core," repeated 

Smithy patiently, "was intended to 
work at a higher frequency than the 
one it replaced." 

"I don't get it," commented Dick. 
"Surely an iron-dust core is an iron- 
dust core, and that's an end to it!" 
^ "Life," replied Smithy dolefully, 

is rarely as simple and clear-cut as 
that. In practice there are quite a 
few different grades of iron-dust core 
material which are used for r.f. coils. 
As you know, the main function of 
an iron-dust core in an r.f. coil is to 
increase its inductance and thereby 
allow a greater Q to be obtained in 
a small space. At the same time, 
however, the dust core introduces 
losses of its own, these being due to 
eddy currents. The eddy currents 
are held at a low level by making up 
the core with small particles of iron 
suspended in an insulating plastic 
binding material, with the result that 
each particle of iron is insulated from 
its neighbours and eddy current 
losses are kept down. Unfortunately 
the eddy current losses tend to in- 
crease with frequency, whereupon an 
iron-dust core mixture which is satis- 
factory for use up to some 30 Mc/s 
or so may introduce excessive losses 

Brass or copper tubing 

Insulated base Brass support pieces 

Fit g'« ecccsional experimental work, a simple version of the jig of 
'gp* "la/,be made "P' 0 suggested example being shown here. The two 

tnH 0ftubmS maY be sweated into holes in the brass support pieces. The lead-out wires of the capacitor under test are passed down the central holes 
of the tubing 

612 

if it is used in a coil working at 100 
Mc/s. The losses at the higher fre- 
quency may only be reduced to 
acceptable proportions by employing 
a different core material which in- 
corporates smaller iron particles 
dispersed more sparsely through the 
mixture. The result is that the per- 
meability of a dust core extended for 
high frequency working is less than 
that of its low frequency brother." 

Well, that's a fine thing, I must 
say, exclaimed Dick indignantly 
"Up till now, I thought that all dust 
cores were of the same type. Now 
ypu tell me that they're made with 
different types of material!" 

There's no need," protested 
Smithy mildly, "to get all aereated 
about it." 
i( "Of course there is," snorted Dick. 

What happens if you're fixing a set 
and you're replacing an iron-dust 
core?" 

"You just," replied Smithy, "put 
in a new. one" 

"But how do you know," con- 
tinued Dick, "whether the new one 
is the right type? Dash it all, it's 
happened to me\ It was the fact that 
I put an incorrect core in a coil that 
started me asking you about dust 
cores in the first place." 

"Your experience," said Smithy 
soothingly, "was a little exceptional. 
To start off with, it's only occasion- 
ally that dust cores have to be 
changed during practical servicing 
work, anyway. Even then, they 
usually get broken by ham-handed 
geysers who don't use the proper 
trimming tools for adjusting them. 
The next point is that almost all T.f. 
coils up to 30 Mc/s, and practically 
all f.m., a.m. and television i.f. 
transformers, use a standard low 
frequency grade of dust core. 
Provided that the dimensions are the 
same, these dust cores can be 
considered as being interchangeable. 
The only places you're normally 
likely to encounter the lower per- 
meability high frequency cores are in 
television tuner units and f.m. 
receiver front ends. However, the 
cores employed here are quite often 
of different physical size and shape 
to those used in the lower fre- 
quency coils, and so the risk of 
muddling up the two is not all that 
great. It can still happen, of course, 
as you've found out yourself, but the 
chances against it are pretty high." 
<„"I„see'" said Dick, doubtfully. 

Well, that seems to clear up that 
little problem." 

"Not entirely, I'm afraid," said 
Smithy, "because some of the 
adjustable cores fitted to internally 
threaded coil formers aren't iron 
dust at all. They're ferrite." 

"Oh no," groaned Dick. "I had 

THE RADIO CONSTRUCTOR 

www.americanradiohistory.com



an idea that your remarks about 
interchangeability were going to be 
a bit too good to be true." 

"The situation is still," remarked 
Smithy, "not as bad as all that. 
What happens occasionally is that a 
TV i.f. strip may have, in one of its 
coils, a single ferrite core of the same 
dimensions as the remaining iron- 
dust cores. Normally, though, the 
coil in which the ferrite core is fitted 
will not be resonant at the inter- 
mediate frequency. A typical 
example would be given by a coil 
employed in a vision interference 
limiter circuit; and so you want to 
watch out for ferrite cores in coils 
of that nature. You may find, also, 
that some manufacturers use ferrite 
cores in their tuned circuits as well, 
but in this case they usually employ 
their own particular design of 
threaded former and the cores are 
not interchangeable with those from 
other makes of set." 

"Can you", asked Dick, "distin- 
guish a ferrite core from an iron-dust 
core?" 

"Not very reliably," replied 
Smithy, "if you're just working from 
appearance. Iron-dust cores are a 
lightish grey, whilst ferrite cores are 
a darkish grey. Which is, I would 
agreee, not a particularly helpful bit 
of information. Fortunately, their 
performances differ quite a bit when 
they are inserted in a coil, since a 
ferrite core offers a significantly 
higher permeability than does an 
iron-dust core. If you accidentally 
put a ferrite core where an iron-dust 
core should go, or vice versa, the 
difference in electrical performance, 
or in the amount of core insertion 
needed to achieve resonance, is 
usually obvious enough to warn you 
straightaway that you've selected the 
wrong type of core." 

Transistor Multivibrators 
"Fair enough," said Dick. "That's 

something I must remember to look 
out for. There's another thing that's 
puzzling me, too." 

"About dust cores?" 
"Oh no," said Dick. "It's nothing 

technical. My mind keeps going 
back to those school stories you 
mentioned just now. What baffles 
me is how a bloke like you should 
have been so interested in stories 
about schoolboys." 

"I read them," replied Smithy, 
"because at that time I was going 
to school myself." 

Dick's jaw dropped open. 
"You went to school?" he gasped, 

unbelievingly. "As a schoolboy T' 
"Naturally I went to school as a 

schoolboy," snapped Smithy. "What 
on earth do you think I went as ?" 

R3 

TR tr2 

T 

Fig. 5. A standard transistor multivibrator circuit 

"In short grey flannel trousers and 
a school blazer? And with a school 
cap on top?" 

"Of course," replied Smithy 
testily. "We did have schools in 
those days, you know." 

Dick studied the greying Service- 
man carefully, then shook his head. 

"It's no good," he remarked dis- 
passionately. "I just cannot visualise 
you as a schoolboy in any way 
whatsoever. I'm trying to raise up 
a picture in my mind of your racing 
about after school, or forming up in 
the queue outside the Head's study, 
but it simply will not come. Blimey, 
Smithy, if you ever were a schoolboy, 
you must havte been the weirdest one 
going!" 

"For the love of goodness," 
shouted the exasperated Smithy, 
"stop carrying on as though I'm a 
Peter Pan in reverse. Of course I 
went to school!" 

"All right then," asked Dick. 
"How many 'O' levels did you get?" 

"I didn't get any." 
"There you are then," said Dick 

triumphantly, "that proves it!" 
"We didn't have 'O' levels in those 

days," snarled Smithy furiously. 
"We had matriculations. The way 
you carry on anyone would think I 
entered the world in the form of a 
doddering old man." 

"Now, that," commented the 
unyielding Dick, "I can just about 
accept. But you as a schoolboy? 
Never!" 

Smithy threw out his hands 
resignedly. 

"I'm starting to wonder," he said 
hopelessly, "whether I ever was a 
schoolboy myself. Well, will you 
accept the fact that I used to read 
those Harry Wharton school 
stories ?" 

"Not", replied Dick cautiously, 
"necessarily." 

"Have you ever," queried Smithy 
despairingly, "heard of Billy Bunter, 

the Owl of the Remove?" 
This time it was Dick's turn to 

look into the past. 
"Billy Bunter?" he repeated. 

"Yes, I've heard of him. I seem to 
remember there being some Billy 
Bunter plays on the telly when I was 
a schoolboy." 

"Billy Bunter," said Smithy, "was 
a character in the Harry Wharton 
stories I used to read. So also were 
other boys such as Bob Cherry, Lord 
Mauleverer and Hurree Jamsett 
Ram Singh." 

"Who?" 
"Hurree Jamsett Ram Singh," 

repeated Smithy. "I think I've got 
that right!" 

The magic of those almost foN 
gotten names was once more drawing 
the cloak of Greyfriars about the 
Serviceman. He succumbed, happily. 

"Then," he continued dreamily, 
"there was Herbert Vemon-Smith, 
the Bounder, who was always caught 
smoking, and Fisher T. Fish, the 
show-off American boy with his 
horn-rimmed glasses. Coker was the 
Bully of the Fifth, and old Billy 
Bunter was always waiting for a 
Postal Order which never arrived." 

Smithy chuckled. 
"Then there were the masters," he 

said. "Mr. Quelch was the Master 
of the Remove—very strict but a 
decent old bloke really. And there 
was a pompous old bloke called 
Prout. Who else was there? Oh yes. 
Sir Hilton Popper, Joe Banks—he 
was a rotten type, he was—and the 
jeweller, Mr. Lazarus. Dear oh dear 
me, what a rich bunch of characters 
they were!" 

Smithy stopped and glanced at the 
Workshop clock. 

"My goodness," he said, draining 
his tea cup, "we're well past the end 
of our tea-break." 

"Are we?" asked Dick, startled at 
the sudden transition from Smithy 
nostalgic to Smithy authoritative. 
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Fig. 6 (o). A charged capacitor connecting to a resistor 

(b). The voltage discharge curve given by the capacitor of (o) 

"Yes we are," replied Smithy 
briskly. "We should have been at 
work at least five minutes ago." 

"I don't think you're being fair," 
protested Dick. "I was hoping 
you'd have a go at another query of 
mine during the tea-break." 

"It's working time now." 
"It would," Dick pointed out 

gently, "still have been tea-break if 
you hadn't kept on all the time about 
those school stories of yours." 

"Is your question a quick one?" 
"A very quick one." 
"Fair enough," replied Smithy. 

"I'll have a bash at it, then." 
"It's about these transistor multi- 

vibrators," said Dick, reaching over 
for Smithy's pad and scribbling out 
a circuit on it. (Fig. 5.) "The 
circuits are quite straightforward, 
but what puzzles me is that a number 
of recent magazine articles have 
referred to the period when either 
transistor is conducting as being 0.7 
times the CR of the associated 
capacitor and resistor." 

"That's right," agreed Smithy. 
"But where", asked Dick, "does 

the 0.7 come from? I thought that 
the time constant was CR." 

"So it is," agreed Smithy. "As it 
happens, I've heard that this 0.7 CR 
business is puzzling quite a few 
other people as well, so it wouldn't 
be a bad idea to clear it all up now." 

Smithy reclaimed possession of his 
pad and drew a further circuit on it. 
(Fig. 6 (a).) 

"Now, here we have," he re- 
marked, "the normal circuit arrange- 
ment which we use for demonstrating 

time constant. We assume that the 
capacitor has been previously charged 
so that a potential, which we'll call 
V, appears across its plates. We 
then close the switch, whereupon the 
capacitor discharges into the resistor, 
giving us the familiar exponential 
discharge curve. (Fig. 6 (h).) The 
term 'time constant' is the product - 
of the value of the capacitor and the 

value of the resistor, and it is, 
theoretically, the time taken to fully 
discharge the capacitor if the dis- 
charge current remains constant at 
its initial value. This doesn't, of 
course, occur with the parallel 
resistor and capacitor circuit because 
the discharge current reduces as the 
potential across the capacitor plates 
goes down. With this circuit, it so 
happens that, after a period equal to 
the time constant, the voltage across 
the capacitor drops to 37% of its 
initial value." 

"I know all that," said Dick, a 
little impatiently. "But what about 
the transistor multivib?" 

"I'll be coming to that in a 
minute," said Smithy, scribbling once 
more on his pad. "Now, if the 
capacitor was initially discharged, 
and was then connected to a battery 
via a resistor (Fig. 7 (a) ) the voltage 
across the capacitor increases, follow- 
ing a mirror-image of the discharge 
curve we've just discussed. (Fig. 
7 (6). In this case the time constant 
would correspond to the time taken 
for the voltage across the capacitor 
to reach 63% of that across the 
battery. To complete the picture, I 
should add that the time constant is 
in seconds, and that R is in ohms 
and C in farads. Or, you can have 
R in megohms and C in microfardas, 
whereupon you still get time constant 
in seconds." 

"But I know all this," repeated 
Dick. "What about this 0.7 CR 
business ?" 
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Fig. 7 (a). Connecting a discharged capacitor to a battery via a resistor 
(b). The voltage across the capacitor as it charges 

614 THE RADIO CONSTRUCTOR 

www.americanradiohistory.com



9V 
|- 9V+-^j 

--9V 

:r2 18V 

To base 
of TR2 

-r 

(a) 

i 9V 

ron ■■ 

9V 

• -9V 

To base 
of TR2 

T 
(b) 
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(b). The potentials in Fig. 5 at the instant where TR2 starts to conduct 

Discharge Curve Law 
"There's just one final point," 

continued Smithy, imperturbably 
ignoring his assistant's protest. 
"Returning to the capacitor dis- 
charge curve, this follows the law 

V 
t=CR logerr, where V is the initial Vi 
voltage at the instant of closing the 
switch and Vi the voltage across the 
resistor after time t." 

"Your discharge curve", com- 
mented Dick suspiciously, "showed 
the voltage across the capacitor, not 
the voltage across the resistor." 

"It didn't take you long to spot 
that one!" chuckled Smithy. "I was 
rather hoping I could pop it in 
without your noticing it! I said 
'resistor' for two reasons. The first 
is that the voltage across the resistor 
decays both for the discharge and 
the charge curve, and so you've got 
a nice ready-made general formula 
for both occasions. As you'll 
shortly see, we're more interested at 
the moment in the discharge curve 
with the resistor and capacitor in 
parallel, and where the voltage 
across the resistor is obviously the 
same as the voltage across the 
capacitor. The second reason for 
referring to the voltage across the 
resistor is that this makes the tran- 
sistor multivib explanation easier. 
Incidentally, I don't want to labour 
that equation too much, because 
working out logs to the base 'e' is 

by no means everybody's cup of 
tea." 

"You can say that again," grinned 
Dick. "It's as much as I can do to 
work out logs to the base 10!" 

"Nevertheless," continued Smithy, 
"I should just briefly mention for 
the record that if you check out 

y 
t=CR loge — for the case where V, 

t and CR are equal, you'll find that 
Vj is 37% of V. Indeed, 37% 

1 „ is - . e 
"I'll take your word for it!" 
"Fair enough," replied Smithy. 

"And now to that multivib." 
"Blimey," said Dick. "I thought 

we'd never get there!" 
"In the multivib," continued 

Smithy, once more brushing aside 
Dick's comments, "we'll assume 
that, when a transistor is off, or 
non-conducting, it represents an 
open-circuit and that when it is on, 
or conducting, it represents a short- 
circuit. All right?" 

"You mean an open or short- 
circuit between emitter and col- 
lector?" 

"That's right," confirmed Smithy. 
"We'll assume also that, if a tran- 
sistor is off, it comes on again as 
soon as the potential on its base 
reaches the potential on its emitter." 

"I think", said Dick doubtfully, 
"I see what you mean." 

"If you don't," said Smithy 
cheerfully, "you'll soon get the idea 
when we start digging into your 
circuit. Which we shall now com- 
mence to do, starting off at a time 
when TR2 is on and TRi is off. At 
this time, the left hand plate of Q 
is at the same potential as the —9 
volt supply line, whilst the right hand 
plate is at the same potential as the 
earth line. Right?" 

"Sure," said Dick enthusiastically. 
"There are no problems there!" 

"Good," replied Smithy. "So we 
now have Ci charged up to 9 volts, 
with its left hand plate negative and 
the right hand plate positive. After 

Time constant 

07x time constant 

IOO 

Voltage 
6O across 
SO  *2 
40 ( lo of 37 mitral 

value] 2a 

Time 

Fig. 9. An expanded view of the left hand side of the discharge curve of 
Fig. 6 (b), as applied to R2 in the multivibrator. This demonstrates that the 
time taken for the initial voltage to drop to 50% is 0.7 times the time 

constant 
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Fig. 10. The discharge voltages appearing across R2 would similarly occur 
if the left hand plate of Ci were connected to the negative supply line, as 
showti here. The initial voltage of 18 volts across R2 will drop to 9 volts in 

the same period as occurs in Figs. 8 (o) and (b) 

a time the transistors change over in 
the regulation multivibrator manner, 
whereupon TR2 goes off and TRi 
comes on. Immediately after the 
changeover we have the case where 
the left hand plate of Q is at earth 
potential because TR] is on." 

"Wait a minute, though," inter- 
rupted Dick, "isn't Q charged?" 

"It is," confirmed Smithy. "As 
we have just noted, it's charged up 
to 9 volts. The result is that im- 
mediately after the changeover its 
right hand plate goes 9 volts positive 
of the earth line, causing a grand 
total of 18 volts to appear across R2. 
(Fig. 8 (a).) Capacitor Ci now 
commences to discharge into R2 and 
the voltage across this resistor will 
follow the discharge curve we saw 
earher. At the start of this discharge, 
the right hand plate of Ci is positive 
of the earth line, thereby keeping 
TR2 cut off. However, the discharge 
causes the voltage on the right hand 
plate to proceed northwards in a 
negative direction until, after a 
period, it becomes equal to that on 
the earth line. (Fig. 8 (b).) TR2 now 
commences to pass current and the 
multivibrator changes back to its 
previous state." 

"I see what you meant just now," 
commented Dick, "about assuming 
that a cut-off transistor comes on 
again when the potential on its base 
reaches the potential on its emitter." 

"Good show," said Smithy. "I 
was certain you'd see what I was 
driving at once I got down to the 
explanation. The important thing 
about the moment of changeover is 
that this occurs when the voltage 
across R2 is 9 volts. We have now, 
therefore, learned several things. 
Firstly, the period during which 
TRi is on is controlled by Q and 
R2. Secondly, the period commences 
when the voltage across R2 is 18. 
And, thirdly, the period stops when 
the voltage across R2 is 9. The same 
reasoning we have used could be 

applied for any other supply poten- 
tial, whereupon we may then say 
that the period during which TRi is 
on is governed by the time needed 
for the voltage across R2 to drop to 
half its initial value." 

"Blimey," said Dick impressed. 
"This is something. I still don't see, 
though, where the 0.7 RC business 
comes in." 

"You will," said Smithy, "if you 
look at the exponential discharge 
curve we discussed just now. If 
the curve is accurately drawn and 
you mark off the time taken to reach 
50% or half-voltage (Fig. 9), you'll 
see that this is just about 0.7 of the 
time needed to reach the time- 
constant point. Which means in 
other words that the associated 
transistor in the multivibrator is on 
for a period equal to 0.7 times the 
time constant." 

"Well, I'm dashed," exclaimed 
Dick. "So it is! That explains 
everything, then." 

He paused for a moment. 
"No, it doesn't," he said suddenly. 

"In your original discharge circuit 
the capacitor was directly across the 
resistor. In the multivibrator circuit 
its left hand plate is at earth potential, 
which is 9 volts positive of the 
negative supply rail." 

"That doesn't matter," replied 
Smithy. "At the start of the period 
when TRi is on, Ci is charged to 
9 volts, but you'd have had exactly 
the same discharge curve if it had been 
initially charged to 18 volts with its 
left-hand plate connected to the 
negative supply line. (Fig. 10.) 
Such a circuit is exactly the same as 
the original discharge circuit we 
talked about. Don't forget that the 
performance of a capacitor, when 
charging or discharging, is governed 
by its capacitance, and is not altered 
by having fixed d.c. voltages in the 
circuit. This point is brought out 
very clearly in any practical example 
you can think of. A l,000pF bypass 

capacitor always acts as a l,000pF 
bypass capacitor regardless of 
whether it has 2 volts or 200 volts 
across it!" 

"I see your point," said Dick. 
"Now that you've shown me how 
the 0.7 CR figure is obtained from 
the discharge curve, why did you 
bring in that loge formula just 
now?" 

"I brought it in," said Smithy, 
"so that I could finally tidy every- 
thing neatly up. The equation states 

V 
that t=CR loge tt, and in the Vi 
present case we want to know what 
t is when Vi is half of V. This gives 
us t=CR loge 2, which works out 
to t=0.69 CR. And that, as near 
as dammit, is 0.7 CR." 

"You seem", commented Dick, 
"to be treating this 0.7 figure as 
though it's a wee bit approximate." 

"It is approximate," replied 
Smithy. "And that's because of the 
assumptions we made when we 
started examining the multivibrator. 
In practice, a transistor is not a 
short-circuit when it's on, since a 
small voltage appears across it. Also, 
there can be a small leakage current 
which prevents it being a true open- 
circuit when it's off. Again, our 
assumption that a transistor would 
start to pass current when its base 
potential became equivalent to 
emitter potential wasn't entirely 
accurate. Since we introduced 
approximations at the beginning, our 
final result must similarly be ap- 
proximate." 

Session Over 
With these words. Smithy placed 

his notepad on his bench, rose from 
his stool and resolutely switched on 
his soldering iron. It was obvious 
that the session was over. 

"Haven't you", enquired Dick, 
who, having become comfortably 
settled, didn't feel in the mood to 
return to work immediately, "any- 
thing further to say about this CR 
business?" 

"Nothing at all," said Smithy 
firmly. "And it's now quite definitely 
time to get back to our labours." 

"Nor even", persevered Dick, 
"anything about those Greyfriars 
stories?" 

"You won't catch me out on that 
one," replied Smithy, picking up his 
soldering iron. "I leave my reminis- 
cing for break periods only!" 

"I was digging around in the attic 
at home the other day," offered Dick 
desperately. "And I found quite a 
pile of issues of an old magazine. 
The Union Jack, I think it was called." 

Smithy's soldering iron became 
motionless in mid-air. 
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"Are you telling me", asked 
Smithy with a tremor in his voice, 
"that you have a collection of Union 
JacksT' 

"That's right," replied Dick, 
delighted at the result of his news. 
"There must have been about fifty 
or sixty of them." 

"I can see myself", said Smithy, 
"calling on you in the very near 
future! Do you know, Dick, the old 
Union Jack ceased publication way 

back in 1933, and I haven't seen one 
for donkey's years now." 

"Is there", asked Dick innocently, 
"anything special about it?" 

"Special?" queried Smithy. 
"Special? Don't you realise, boy, 
that it was the Union Jack which first 
introduced Sexton Blake and Tinker 
to me. Now, those were detective 
stories. Apart from Blake and Tinker 
there were the Robin Hood League 
and the Onion Men, not to mention 

George Marsden Plummer and Mrs. 
Bardell, his landlady. Now, who 
else was there? Oh yes, Pedro the 
bloodhound, and ..." 

Smithy sat down on his stool 
again, absent-mindedly returning his 
soldering iron to its rest. Quietly, 
Dick got up and wandered over 
towards the sink. So far as he could 
see, it would be perfectly safe to put 
the kettle on for at least another pot 
of tea. 

220 AMP TUNNEL DIODES 

by j. B. DANCE, M.Sc. 

The tunnel diode is normally thought of as 
a device which operates at a current of about 
1 to 50mA (see "The Tunnel Diode in Theory 

and Experiment", The Radio Constructor, November 
and December 1960 and January 1961). Tunnel 
diodes are now available which have peak current 
values as high as 220 amps.i Whilst these diodes 
are mainly employed as low voltage inverters,2 they 
are also used as overload detectors, as oscillators, 
and as high speed current switches. The diodes are 
similar to conventional tunnel diodes, but have a 
larger junction area and must be mounted on 
heatsinks. 

A simple type of relaxation oscillator which can 
be used for converting a low voltage into a higher 
voltage is shown in the accompanying diagram. 
Such circuits can operate from power sources such 

^ Tunnel 
^ode. 

as fuel cells, solar cells or thermionic converters at 
input voltages below those required by transistors. 
Efficiencies of the order of 50% can be obtained 
when a push-pull tunnel diode circuit is used. 

1 R.C.A. Technical Manual TD-30, 2 F- hi. Carison and P. D. Gardner: I.R.E. Electron Devices Conference. 
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CAN ANYONE HELP! 

Requests for information are inserted in this feature free of charge, subject to space being available. Users of this 
service undertake to acknowledge all letters, etc., received and to reimburse all reasonable expenses incurred by 
correspondents. Circuits, manuals, service sheets, etc., lent by readers must be returned in good condition within 

a reasonable period of time. 

P104 0392) 62H Receiver.—K. E. LeMasurier, 
"Aqir", Feugre, Cobo, Guernsey, manual or any 
other data. 

* * * 
460 kc/s Variable I.F. Filter.—K. Snell, 9 Armitage 
Gardens, Allerton, Liverpool, 18, requires a circuit 
using two i.f. transformers. Also loan or purchase 
of Practical Wireless October 1954 to March 1955. 

Canadian Receiver No. 9 MKI.—T. Lonergan, 33 
Bumham Gardens, Cranford, Middlesex, circuit 
diagram or any other information. 

* * * 

No. 1986 Transmitter.—M. O'Brien, 5 Butts Walk, 
The Reddings, Cheltenham, Glos., information on 
using the i.f. strip for f.m. operation. 
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TRACER 

By I. M. WILSON 

I 

A simple testing device for servicing valve and transistor radio receivers 

SOME TIME AGO, THE AUTHOR REQUIRED A SIGNAL 
tracer in order to repair an old superhet radio. 
It was decided to construct the instrument 

described in this article, and it has since been used 
for a number of further applications of the same 
type. The instrument has the advantages of low 
cost, small size and simplicity of construction. 

Design Approach 
Whilst most signal tracers employ a diode detector 

followed by an a.f. amplifier, this course was not 
adopted in the present case since it was decided to 
aim for maximum simplicity. In consequence, the 
circuit shown in the accompanying diagram was 
used. Despite its very few components, the circuit 
offers a number of facilities which may not at first 
sight be obvious. 

In use, the earth clip of the device is connected to 
the chassis of the receiver under test, the prod being 
applied to the various stages in the receiver. The 
transistor base-emitter junction functions as a diode 
when r.f. is applied to the test prod, whereupon an 
amplified version of the detected a.f. is available at 
the collector. If the prod is applied to an a.f. point, 
the transistor functions as an a.f. amplifier. 

Pi 
Ri 
470ko 

3orl-5V Test prod TR| 
O-OOImF 
750V wkq 

on- 
Earth 

The value of series capacitor Q has an important 
bearing on circuit operation. This is a O.OQlfxF 
component, and it has a relatively low reactance at 
aerial and intermediate frequencies, and a relatively 
high reactance at audio frequencies. Thus, as testing 
proceeds from the r.f. and i.f. stages of a receiver 
to the a.f. stages, the signal level applied to the 
transistor base automatically reduces. If this were 

not the case, high level a.f. signals could overload 
the transistor and cause an excessively high output 
in the phones. 

As the test prod may be applied to high voltage 
points in mains-operated receivers, capacitor Q 
should, preferably, have a working voltage of 750. 

Components 
In the prototype, the transistor employed was a 

GT11. This is, however, an obsolete type, and an 
OC71 could be employed in its place. Whatever 
transistor is employed should offer a low noise level, 
and it may be found that surplus transistors of the 
"red spot" variety are unsuitable because of this. 

The function of resistor Rj is to provide forward 
bias for the transistor base, and it has a value of 
470k f2. It may be found that better performance 
with low-level r.f. signals is given by alternative 
values for Ri, and this point could be made the 
subject of experiment, if desired. The final value 
should, in this case, lie between some 100kX2 and 
IMD. 

The phones should offer an impedance of 1 to 
lOkfl. A pair of series-connected headphones with 
a resistance of 2k 12 each would be satisfactory. If 
low impedance phones are used, a step-down trans- 
former of the appropriate ratio will be necessary. 

The battery may offer a voltage of 1.5 or 3, as 
desired. 

Operation 
The instrument is employed for signal tracing in 

the normal manner, working from the aerial to the 
loudspeaker. 

The tracer may also be used to find faults in 
circuits other than those at which signal voltages 
appear. If, for instance, the prod is applied to the 
heater pins of mains-operated valves, the presence 
of alternating voltage is indicated by a low-pitched 
low-volume buzz. Oscillator circuits usually produce 
a loud hiss. If signal is heard when the prod is 
applied to an a.g.c. line, a.g.c. decoupling is prob- 
ably faulty. The same applies if a signal is heard 
with the prod on an h.t. line. 
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The "Athenian" 4-Band Superhet Receiver 

Part 1 — A Design for the Beginner, 16—2,000 Metres 

By James S. Kent 

This receiver has been designed, and this series of articles specifically written, for the beginner 
to superhet construction. The coverage is long wave, medium wave and two short wave bands, 
and a special feature of the design is that one valve is used both as an i.f. amplifier and b.f.o. 

stage 

SOONER OR LATER, THE BEGINNER WHO HAS 
constructed one or more "straight" or t.r.f. 
mains-operated designs will find that such 

receivers have their limitations, whereupon the wish 
to continue the hobby further by building a superhet 
becomes one of natural evolution. It should be 
pointed out here, however, that the design about to 
be described is not for the absolute beginner and 
that some previous experience in more simple 
receiver construction should be obtained before 
embarking on the project dealt with in this series. 

The design offered here is that of a semi-com- 
munications type receiver covering the long, 
medium and two short wave bands and incorporating 
four valves and one diode. The receiver is mains- 
operated and an experimental part of the circuit is 
that one valve performs the functions of both an 
i.f. amplifier and a b.f.o. stage. 

All the components specified are currently 
obtainable and are of the best quality. The use of 
surplus parts, or components long stored in the 
spares box, is not recommended with this design if 
maximum results are to be achieved. 

The specified coverage of the coilpack, when used 
with a 500pF two-gang variable capacitor, is from 
16 to 2,000 metres but this will be slightly altered 
somewhat by the inclusion of the bandspread 
capacitors. The ranges are: long wave, 800 to 2,000 
metres (375 to 150 kc/s); medium wave, 194 to 550 
metres (1.546 to 545 kc/s); short wave 1, 50 to 160 
metres (6 to 1.85 Mc/s); and short wave 2, 16 to 
50 metres (18.75 to 6 Mc/s). The ranges actually 
obtained will be slightly lower in frequency than 
those quoted, due mainly to an additional 27pF 
bandspread circuit and its stray capacitance. This 
loss (whose practical effect occurs at the 18.75 Mc/s 
end) is not, however, of any great consequence for, 
at frequencies around this figure, a converter 
becomes more attractive for optimum performance. 

A power supply socket is fitted at the rear of the 
chassis in order to provide supplies for such a 
converter (if required at a later date) or for other 
ancillary apparatus, some 26mA of current at a 
voltage of 280 being available. It should be added 
that bandspread tuning, with its ease of station 
selection, confers a great advantage on a design of 
this nature. 

Before discussing the circuit in greater detail, 
some other features of the design will be dealt with 
here. 

In the aerial input circuit, an i.f. filter unit (see 
Components List) has been inserted in order to 
eliminate i.f. breakthrough (i.e. the reception of 
signals on the intermediate frequency of 465 kc/s, 
with consequent whistling noises on each station 
received). The filter consists of a parallel tuned 
rejector circuit having a fixed capacitor and a 
variable iron-dust core for tuning purposes. As 
received, the filter unit is correctly adjusted to the 
465 kc/s intermediate frequency. When the aerial 
is fed direct to this unit (i.e. not' via a pre-selector 
or converter) a little insertion loss may be apparent 
at some frequencies. Some constructors may, 
therefore, prefer to either (a) omit the filter unit or 
{b) arrange a switch on the rear of the chassis which 
effectively bridges it when not required. 

A further filter unit is given by Lg, this being 
inserted in the a.c. input to the mains transformer 
primary winding. The inclusion of this unit is well 
worthwhile, as it effectively protects the receiver 
from the mains-borne "hash" and interference 
which is so common in these days of a multiplicity of 
surrounding unsuppressed electrical gadgets. 

The total power consumption of the receiver, 
under no-signal conditions (aerial disconnected and 
the function switch set at a.m.) is 47mA at 280 
volts, this being measured at the smoothing 
capacitor Czs- Both this and all subsequent voltage 
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and current measurements were taken with a 
20,000fl per volt meter. The total rated output of 
the power supply is 75mA. On c.w., however, the 
total consumption of the receiver is 49mA, this 
leaving 26mA available at the power outlet socket.1 

Complete voltage and current tables will be 
published in Part 3 of this short series. Part 2 (to 
be published next month) will include full con- 
structional details including point-to-point wiring 
diagrams of each stage. 

1 Constructors are advised to limit the external current require- 
ments to around 20-25mA in order not to overrun the rated output 
of the mains transformer. For guidance, a single valve pre-selector 
(EF92)—see page 48 August 1964 issue—will require some 10.5mA; 
a single valve (EF183) pre-selector would require some 16.5mA 
—see pa^e 752, May 1963 issue (omitting the cathode follower). 
A two-valve converter (ECH42/EF41) would consume approximately 
14mA 

Circuit 
The circuit is shown in Fig. 1, from which it will 

be seen that it consists of an ECH81 frequency 
changer, ECH81 i.f. amplifier and b.f.o., OA79 
detector, ECL83 audio amplifier and power output 
and EZ81 full-wave rectifier. 

The circuit diagram has been reproduced here in 
"reversed" form, i.e. black as white, and this has 
been done so that the constructor may fill in the 
various connections with a ball-point pen as each 
is made. In this manner, the beginner (to superhet 
construction) may then relate the instructions in the 
text, and the point-to-point diagrams, to actual 
circuit wiring. 

A large part of the circuit conforms to standard 
practice but that relating to V2 most certainly does 
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not. This was undertaken by the writer as an 
experimental project in order (a) to save the cost 
of a further valve in a b.f.o. (beat frequency 
oscillator) stage and {b) to try and make the 
resolving of s.s.b. (single-sideband) signals a much 
easier matter than occurs when the more conven- 
tional separate b.f.o. stage is employed. 

The lead colours shown around Vi refer to the 
coilpack connections. 

Switch Si (a), (b), (c), (d) is that fitted in the coilpack. 
Only one coil is shown in the aerial and oscillator 
positions for reasons of clarity, although there are, 
in fact, four coils in each position. 

The signal arriving from the i.f. filter unit is fed, 
via Si (a), into the selected primary winding of L2 
and tbjjSn coupled into its secondary winding. The 
secondary winding is tuned by the handset and 
parallel bandspread capacitor (C2(a), C3(a)), the 
selected signal being passed to the grid of Vi via 
the a.g.c. blocking capacitor Q. An automatic gain 
control voltage is fed to this stage via the resistor 
Rg from the a.g.c. line. Positive potential is 
supplied to grids 2 and 4 (pin 1) via resistor Ri, the 
grids being bypassed to chassis via C6. The anode 
of the heptode (pin 6) receives h.t. via the decoupling 
resistor R2 and the primary winding of IFTi, C7 
being the bypass component to chassis. Grid 3 
(pin 7) of the heptode is connected, externally, 
direct to the triode grid (pin 9). 

The triode anode (pin 8) is connected to the h.t. 
positive line via the resistor R3, and to the oscillator 
coil secondary via Cs, R4 and switch Si(d). The 
function of switch 82(3) will be described when 
dealing with the next stage. The triode grid 
receives leaky-grid bias via R5, this component being 
connected between the grid and the cathode (pin 3). 
Cathode bias is supplied by the components C4, R7. 
The triode grid is tuned by the combination C2(b) 
and C3(b), these being the handset and bandspread 
capacitors respectively, and the padder capacitor P; 
the grid being coupled to these via the capacitor C9. 
Padder capacitor P is fitted in the coil-pack. The 
inclusion of resistor R4 in the triode anode circuit 
ensures that conversion takes place without 
"squegging" over the entire coverage. 

The resulting i.f. signal is now passed to grid 1 
(pin 2) of V2 via IFTi. A.G.C. is supplied to V2 
via the secondary winding of IFTi. 

The V2 circuit incorporates (as does V,) an 
ECH81 triode-heptode frequency changer, and the 
circuit finally derived allows this to be employed 
(a) for a.m. (amplitude modulation or telephony) 
reception as an i.f. stage, and (6) for c.w. (continuous 
wave or morse) reception as a triode oscillator and 
i.f. stage. To further explain this, we must now look 
into the function of the 4-pole, 3-way switch 
S2(a),.(b). (cj, (dj- 

This switch is the function control and its positions 
offer the following circuit conditions: (1) standby; 
(2) a.m. on/a.g.c. on/b.f.o. off; (3) a.m. off/a.g.c. 
off/b.f.o. on. 

In position 1, 82(3) switches off the h.t. supply to 
Vi, whilst S2(b), (c), (d) are, in effect, inoperative. 
In this position therefore the receiver is muted 

whilst the heaters of all valves are kept in operation 
and the h.t. potential is retained on the other stages, 
except, of course, the b.f.o. triode anode. This is 
the standby position.2 

In position 2, 82(3) switches on the h.t. to Vi, 
causing it to become operative; 820,) connects 
grid 3 of V2 heptode (pin 7) to chassis thereby 
causing this portion of the valve to operate as a 
straightforward i.f. amplifier; 82(9) remains 
inoperative, allowing an a.g.c. voltage to be passed 
to Vi and V2; S2(d) remains inoperative. This is the 
a.m. position. 

In position 3, 82(3) still applies h.t. to the circuit 
of Vi; S2(b) connects grid 3 of V2 heptode to the 
grid of V2 triode, thereby allowing the injection of 
a b.f.o. voltage; 82(0) switches off the a.g.c. by 
short-circuiting the a.g.c. line to chassis; and S2(d) 
switches on the h.t. supply to V2 triode anode. 
This is the c.w. position. The resistor Rjg is included 
in the circuit of switch section 82(9) in order to 
prevent switch wear due to sparking when Cig is 
short-circuited. 

With switch 82(3), (b), (c), (d) set to a.m. (position 
2), the first section of V2 acts as an i.f. amplifier, 
bias being supplied by the cathode components 
Q?, Ri4- Grids 2 and 4 (pin 1) are supplied with 
h.t. potential via the resistor Rjo, and are bypassed 
to chassis by the capacitor Ciq. 

Resistor Rio is of some importance in this 
particular circuit, and its value should be that 
specified. When originally developing the circuit, 
the standard value (for a frequency changer of this 
type) of 22kfi was inserted in the first instance. 
Subsequent measurements, however, revealed that, 
on a.m., V2 heptode anode current was 8.9mA and 
that grids 2 and 4 consumed 6mA; whilst on c.w. 
the triode anode drew 4.6mA whilst the heptode 
anode drew 7.4mA. Apart from the amount quoted 
for the triode anode, these figures were disastrous! 

In order to obtain stability, both as an i.f. amplifier 
and, more important still, as a b.f.o., the writer 
found that it was a better proposition to run the 
valve somewhat below its rated current consumption 
by increasing the value of Riq. The slight loss in 
gain is completely offset by the stability and docility 
of the circuit shown. The currents drawn with this 
circuit in the prototype are as follows: grids 2 and 4, 
1.8mA; heptode anode (pin 6), 3.4niA on a.m. On 
c.w., the currents are heptode anode 2mA, and 
triode anode 4.6mA. It will be seen therefore that 
the value quoted for Rio in the Components List 
is of some importance.3 

2 The receiver should not be left switched at this position for 
very long lengths of time, as a condition known as cathode poisoning 
may occur with respect to the valves which are operated without 
an h.t. supply. 3 It should be stressed here that the circuit of V2 is experimental 
and, if the b.f.o. section is not required, then the ECH81 will be 
found to perform adequately as a straightforward i.f. amplifier. The 
writer has lowered the value of Rio from lOOkfi to 68kO and, while 
this provides greater gain whilst switched to the a.m. position, c.w. 
operation becomes unsatisfactory in that the oscillations tend to 
"block" the i.f. amplifier portion of the valve. For those who wish 
to experiment further, an effective reduction in the value of Rio for 
a.m. could be given by connecting an additional resistor between 
contact 2 of S2 Id) and the junction of Rio and Ciq. When S2 is set 
to the a.m. position, this will result in the h.t. supply resistor for 
grids 2 and 4 consisting of Rio and the additional resistor in parallel. 

622 THE RADIO CONSTRUCTOR 

www.americanradiohistory.com



/ 

When operating in the a.m. position, the resultant 
amplified i.f. signal is fed, via the secondary winding 
of IFT2, to the diode detector and the r.f. filter 
Rig, C19, C20, where any residual i.f. is bypassed 
to chassis. The resistor R17 is the diode load, 
whilst the a.g.c. line is decoupled by Rg, R9, C5 
and Cig. The detected a.f. signal is passed to the 
volume control R19 via coupling capacitor C21. 

The ECL83 triode pentode serves firstly as an 
audio amplifier (triode section) and secondly as a 
power output stage (pentode section). Cathode 
bias for the triode portion is supplied by way of the 
components C22, R20 and, for the pentode section, 
by C23, R21. Resistor R23 and capacitor C24 
decouple the whole of this stage from the h.t. line. 
The outpiJt to the headphone jack is taken from 
the anode/of the triode via C26 and this component 
must be rated at 350V at least. Insertion of the 
phones into the headphone jack automatically 
mutes the speaker. It is preferable to take the phone 
output from the triode rather than the following 
pentode section as the latter may offer excessively 
large bursts of audio. 

The amplified audio signals from the triode is 
passed, via C25, to the grid (pin 9) of the power 
output pentode section of the valve, R22 being the 
grid leak. The capacitor C27 is inserted between 
the pentode anode and chassis to provide tone 
correction. Resistor R25 is connected across the 
speaker transformer secondary winding to prevent 
high a.f. voltages appearing across the primary 
when the speaker is disconnected by the phone jack 
contacts. 

The power supply section employs an EZ81 full- 
wave rectifier with a choke/capacitor filter. L5 is 
the I.f. choke and the power supply provides an 
adequate supply to the receiver which is fully 
smoothed and ripple-free. On-off switch S3 is an 
integral part of the volume control R19. PLi is the 
red indicator light mounted on the front panel. 

For those intending constructors who do not read 
c.w. signals, and have no wish to do so, the circuit 

could still be built as shown with the exception that 
the triode portion of V2 would be left disconnected, 
i.e. the circuits associated with the triode anode and 
grid would not be required. In this manner, two 
of the valves (Vi and V2) would remain the same 
type, this being useful in that they are interchange- 
able should the need arise. Alternatively, of course, 
one might complete the receiver, less the b.f.o. 
stage, and add this at a later date whenever desired. 

The receiver performs extremely well over the 
entire coverage and, as may be seen from the front 
cover illustration, has a pleasing appearance. The 
inclusion of a coilpack and pre-aligned i.f. trans- 
formers greatly assist in making the project a 
comparably easy matter to complete. 

For those who already have a receiver, whether 
home-built or commercial, this receiver would serve 
admirably as a standby set to the main equipment. 

Looking again at the front cover illustration, it 
will be seen that the controls are laid out in such a 
manner that ease of operation has been taken into 
account commensurate with "eye appeal". The 
controls are, bottom left to right, bandswitch, b.f.o. 
pitch, function control, audio gain/on/off and 
phones. The left hand dial is that of the handset 
and the right hand dial that of the bandspread 
capacitors. Top right is the on/off indicator bulb 
whilst to the top left is the Athenian "medallion". 
This latter embellishment may be obtained by paying 
a visit to the local Woolworth store and inspecting 
the button counter where this, and many similar 
types, may be obtained for the sum of Is. 3d! 

Next month, in Part 2, the constructional details 
will be fully dealt with and this Part will also include 
individual point-to-point drawings for each stage, 
etc. Meanwhile, the intending constructor is urged 
to obtain the components listed herewith which, if 
the series is to be of any benefit to the beginner to 
superhet construction, must be those specified and 
not any other types or surplus components, 

(To be continued) 

RADIO JAMAICA 

The ultra-modern headquarters of Radio Jamaica and 
Rediffusion (RJR) today—twenty-five years after the 
inauguration of public broadcasting in the island. 

No less than 78% of all radio listeners (306,000 adults) 
now make up Radio Jamaica and Rediffusion's audience. 

On the 25th anniversary of public broadcasting—last 
November—special tribute was paid by RJR to John 
Grinan, VP5PZ, the man who sent the first transatlantic 
short wave message and subsequently started Jamaica's 
first radio station. 

IBS 
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The New Dual-Standard TV Sets 

PART 12 

Gordon J. King 
Assoc. Brit. I.R.E., M.T.S., M.I.P.R.E. 

This article, the last but one in our present series on 405-625 line 
receivers, discusses power supply arrangements, then carries on to 

dfal with circuits employing the new PFL200 Decal valve 

TO DATE WE HAVE CONSIDERED 
the principal sections of the 
new dual-standard sets with 

the exception of the power supply 
circuits. It is proposed in this 
article to deal with those and thus 
conclude our discussion of a typical 
receiver. However, since this series 
was commenced some twelve months 
ago there have been several new 
developments with the emphasis 
on dual-standard models. These 
include the use of 10-pin valves, 
hybrid transistor/valve models and 
transistorised u.h.f. tuners. Thus, 
the final part of this article and 
the whole of next month's concluding 
article will deal with these things. 
First, the power supply section. 

One can say that all dual-standard 
models adopt the so-called a.c./d.c. 
technique, where one side of the 
mains supply is connected to the 
metal chassis or h.t. negative line. 
With this technique there is no mains 
transformer. The heaters of the 
valves and the picture tube are all 
connected in series (or in a series- 
parallel arrangement) and applied 
across the mains supply, the current 
being limited by a mains dropping 
or ballast resistor.* 

Unidirectional Heater Current 
A very recent addition here is 

the elimination of the mains dropping 
resistor. Instead, one of the new 
silicon rectifiers is employed. This 
is in addition to the ordinary h.t. 
rectifier, and it rectifies the heater 
chain current so that it becomes 
unidirectional. This means that 
the heaters are energised by a 
current pulse every complete cycle 
instead, as with normal ax., two 
pulses every cycle. The resulting 

•An exception here is the Thorn "900 
Series" chassis. This employs a mains 
autotransformer having a 150 volt tap 
which feeds the heater chain.—Editor. 

loss in heater energising power 
balances the mains input current 
to that required to energise the 

HT+3 

heater chain correctly. 
A silicon diode by itself is, of 

course, a highly efficient device, 
and since power is not burnt up 
in it, it operates quite merrily 
without getting hot! Thus, we have 
the complete solution to the hot 
mains dropper problem. 

Such reduction in heat has shown 
the way towards smaller mains- 
operated sets, and this is also 
assisted by the use of transistor 
u.h.f. tuners and hybrid circuits, 
as we shall see later. 
Quick Warm-up 

Another idea related to the 
heater supply which may be adopted 
shortly is the "instantaneous warm- 
up" set. In such sets, the heater 
circuit would be so arranged that, 
as long as the set is plugged into 
an energised mains socket, the 
heaters light up even though the 
set may be switched off! Thus, 
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Fig. 37. The power supply circuits of a typical dual-standard receiver, as 
described in the text 
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Fig. 38. A high-level contrast control circuit arranged in conjunction with 
the L section of the new PFL200 double-pentode valve. (Acknowledgements, 

Mullard Limited) 

as soon as the h.t. voltage is applied 
by switching the set on, the receiver 
immediately displays pictures and 
produces sound. The immediate 
appearance of the picture may be 
questioned, since usually the e.h.t. 
rectifier takes time to warm up 
after the line amphfier has been 
brought into action. This is taken 
care of with the instantaneous 
warm-up technique by the use of 
special high-voltage silicon rectifiers 
which have no warm-up time. 

Fully transistorised television sets 
produce immediate sound on switch- 
ing on, but with these the vision 
takes time to appear even when a 
solid-state e.h.t. rectifier is employed, 
for the heater of the picture tube 
has tt) warm up. The picture 
tube heater cannot be kept switched 
on all the time when batteries are 
used, of course. Quick warm-up 
tubes for such receivers are, however, 
under development. 

The great majority of dual- 
standard models employ the fairly 
conventional power supply arrange- 
ment shown in Fig. 37. Here the 
on/off switch conveys mains 
power to the series-connected heaters 
through the heater ballast (i.e. 
mains dropper) comprising R95, 
R96, R97. R98 and R99. Taps 
and flying leads on this resistive 
network act as mains voltage 
adjustments, and the series resistance 
needed for the operating mains 
voltage is introduced by selecting 
the correct tapping. 

It will be seen that the chassis 
is connected to the neutral side 
of the mains supply via one pole 
of the switch, and that the heater 
closest to the chassis is that of the 
picture tube. By having this heater 
as chassis potential, the a.c. stress 
between it and the tube cathode is 
minimised. The valves less affected 
by heater-to-cathode alternating volt- 
ages are connected towards the 
top end of the chain. 

The heaters for both the v.h.f. 
and u.h.f. tuners are introduced 
towards the bottom of the chain, 
and the heaters of those valves 
dealing with r.f. and i.f. signals 
are decoupled to chassis by capaci- 
tors. Such heater decoupling also 
exists in the tuners. 

Thermistor 
In many receivers a thermistor 

(a resistor with a negative tempera- 
ture co-efficient) is also included 
in the heater chain as a means of 
suppressing switch-on current surges. 
This component has a high resistive 
value when cold, but it speedily 
decreases to a low value as it warms 
up. It is connected so that the full 
heater chain current passes through 

it and, when the set is first switched 
on, its high initial value causes a 
rapid rise in its temperature and 
a consequent decrease in its resis- 
tance. Thus, the heater chain 
current is gradually increased in 
value, and the current surges which 

may occur without the thermistor 
are avoided. 

Such a device may also be con- 
nected in series with the h.t. rectifier, 
as is THi in Fig. 37. The live 
side of the mains is passed to 
another chain of resistors—Rq4, 

+220V 

Vision 

3-9kn 2'7l<n 

I lOOkn lOOkn 
IMF 

T Utoo 
tC pF video 

OATO 
47kn Separated sAi 8-2 

sync pulses 2-7 
Boosuf 

I 
H 470kn 

-vw- 
4 TO 

SA2 
_rsi 

Lsectton 
F section 

PFL200 
18A 

S I- 200 S15© 2-2Ma 27DpF SA3 PF 

BOO 3,11 3-5 
pF inhiMc/s 

OMcyfe 
Intercarrier 

sound IF T 
27 IpF 

Fig. 39. Showing how the PFL200 is used in a dual-standard set with the 
L section as video amplifier and the F section as sync separator. The 
"standard change" switch is shown in the 625-line position. (Acknowledge- 

ments, Mullard Limited) 
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line output stage 

XseopF 
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+220V 

3-3ka "2 
470kft 
-AVW- 

4-7kn. lOOkn 
A.G.C 

rVDR 
E298ZZ/OI 

Video 
PFL200 

Increase 
contrast 4 Tun 

rW 20kn 

2-7kn 
L section F section 

22n 

ImF IMn KXJkn 
^F IOOO 270n 

I 
2-2 0*5 0u?5 Mn PF 

Negative interference pulses 
Fig. 40. This circuit shows how the PFL200 can be arranged as video 
amplifier (L section) and a.g.c. amplifier (F section). This circuit also 
provides noise cancelling and is suitable for negative modulation. 

{Acknowledgements, Mallard Limited) 

R93 and R92—and thence to the 
"anode" of the silicon rectifier 
SRi via the thermistor. The h.t. 
current over a range of mains 
input voltages is also controlled 
by a flying lead and taps on the 
resistive network. The resistors 
left in circuit, plus R92 which is 
always in circuit, act as surge 
limiters, and are necessary to 
prevent failure of the silicon rectifier, 
bearing in mind that the forward 
resistance of this is only a matter 
of a few ohms. Without such 
limiting the switch-on current flowing 
from the mains and, charging the 
reservoir electrolytic, C103, could 
rise to a dangerously high value. 
The thermistor also assists with 
this action, and also neutralises 
the positive temperature coefficient 
of the series limiting resistors. 
Without it, the h.t. current would 
be likely to fall with increase in 
temperature of the limiting resistors. 

The capacitor, C105, across the 
rectifier tends to provide some 
protection against transient pulses, 
which are dangerous to all semi- 
conductor devices. 

H.T. current is passed from the 
reservoir, C103, through the smooth- 

ing choke CHi and filter networks 
to three h.t. lines, and these supply 
the various circuits that we have 
considered in past articles in this 
series. 

The PFL200 
A newcomer to dual-standard 

receivers is the PFL200 valve. This 
is a double-pentode, and in order 
to accommodate all the electrodes 
without resource to a top cap 
(which is undesirable in printed- 
circuit board configurations) the 
base employs 10 pins instead of the 
conventional 9 pins of the B9A 
base. It is given the name "Decal". 

The Decal base has the same 
pitch circle diameter as the B9A 
9-pin valves and the tenth pin is 
accommodated by slightly reducing 
the distance between the pins. 
The extra large gap between pins 
1 and 10 is still retained, to allow 
the printing of a conductor from 
the outside circuit to the centre 
of the valve holder on the printed 
board. 

The "L section" of the PFL200 
has a very high slope of 21mA/V 
at 30mA, while the "F section" 
is of medium slope. The capacitances 

oeiween ine two sections are suf- 
ficiently low to avoid the possibility 
of interaction between two inde- 
pendent circuits. 

The L section thus lends itself 
to high-gain video applications. 
The F section is suitable for voltage 
amphfying applications, for use 
as an i.f. or intercarrier amplifier 
or as an a.g.c. amplifier or sync 
separator. 

Owing to the very high slope 
of the L section, this pentode is 
ideally suited to serve as video 
amplifier integrated with a high- 
level contrast control circuit. It 
will be recalled from past articles 
that a high-level contrast control 
circuit is one where the contrast 
control is connected to the video 
amplifier valve anode circuit, and 
that it adjusts the video drive to 
the picture tube. Such an arrange- 
ment using the L section is shown in 
Fig. 38. 

Here the anode load resistor is 
of a low value so as to accommodate 
the relatively large shunt capacitances 
reflected back from the contrast 
control and associated connections. 
In spite of this low value load, the 
high slope of the valve permits a 
signal swing of 100 volts peak-to- 
peak at the anode (that is, a current 
swing of 50mA in 2kn). 

It should be understood at this 
juncture that the effective video 
bandwidth is a function of the 
anode load resistor and the shunt 
capacitances. The smaller the value 
of the resistor and the value of 
the shunt capacitances, the wider 
the bandwidth. Thus, for a given 
bandwidth it is necessary to decrease 
the value of the load if the shunt 
capacitances are increased. With 
a normal valve, the use of a smaller 
load inhibits the voltage swing 
across it, and this puts a limit 
to the lowest value that can be 
employed. However, the high-slope 
L section of the PFL200 (achieved 
by a frame-grid control grid) allows 
tbe use of a low value load, as we 
have seen, while still providing 
adequate video drive. 

The circuit in Fig. 38 is arranged 
for a negative-going video signal 
at the control grid. To avoid the 
valve dissipating too much current 
under zero signal conditions a 
little cathode resistance is intro- 
duced, and the screen-grid is fed 
through a IkQ resistor. 

High Frequency Compensation 
The slider of the contrast control 

feeds the tube cathode, while a 
tapping on the control element is 
connected to a trimmer capacitor 
to allow the circuit to be balanced 
for the best overall high frequency 
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response over the range of the 
control. The h.f. response is also 
affected by the value of the screen- 
grid capacitor, and this is chosen 
in conjunction with the value of 
the cathode resistor for the best 
response. 

Fig. 39 shows how the PFL200 
may be used in dual-standard 
sets with the L section as the 
video amplifier and the F section 
as the sync separator. The vision 
detector switching is also shown 
here. This circuit is fairly straight- 
forward and follows the basic 
principles expounded in previous 
articles dealing with the video 
amplifier^ vision detector and sync 
separator. 

The F section of the valve may be 
employed as an a.g.c. amplifier cath- 
ode-coupled to the video amplifier 
L section, as illustrated in Fig. 40. 

This circuit is arranged for negative 
modulation of the vision signal. 

The circuit works as follows. 
The positive-going line pulses applied 
to the voltage-dependent resistor 
in the F section anode are clipped 
by the non-linear action of the 
VDR, and as a consequence a 
negative potential is developed across 
the capacitor Q and resistor Ri, 
these components forming, with 
R2, a filter. 

The presence of C2 results in 
the negative potential "floating" 
about the chassis line. Now, since 
Qt is effectively in parallel with the 
F section of the valve, the negative 
potential is varied by the conduction 
of this valve. Because the video 
signal level controls this conduction, 
it follows that the negative a.g.c. 
bias rises and falls with similar 
action of the picture signal. 

The effect is rather like a d.c. 
controlled amphfier, the output 
of which is the a.g.c. bias and the 
control the video signal. The 
circuit has the advantage that the 
a.g.c. bias is independent of time 
base synchronising. 

Next month we shall investigate 
the transistor u.h.f. tuner and 
dual-standard hybrid sets. 

Acknowledgements 
Acknowledgements are due to Mullard 

Limited for making available details of the 
PFL200 under "New Product Information". 
Note 

In "The New Dual-Standard TV Sets , 
Part 9, published in the January, 1965 
issue, reference was made to the complete 
range of Decal valves. The author wishes 
to make it clear that the complete range of 
this type of valve is not yet available in 
Great Britain. 

Mullard Limited have announced the 
availability of the PFL200 in this country, 
but point out that none of the other types 
is at present available. 

Low Gain, Wide Band 

Oscilloscope Amplifier 

P. Cairns G3ISP 

Although this short article is primarily intended 
to discuss an alternative amplifier for an oscilloscope 
which has been previously described in these pages, 
it is still of general interest as the amplifer can be 
employed in any oscilloscope design. A particularly 
attractive feature is that the amplifer has a 3dB 
response up to 1.8 Mc/s and offers useful gain at 

over 3 Mc/s 

SINCE THE ORIGINAL DESIGN OF THE C.R.O. 
described,* the writer has found that on 
frequent occasions a y amplifier with a wider 

bandwidth was required. In the majority of cases 
a lower gain could also be tolerated. With these 
facts in mind a new design was evolved using the 

Components List 
Resistors 
(All fixed resistors 10% i watt unless otherwise 
specified) 

Ry IMH potentiometer, log 
tRg 470n5% 
Rs icon 

•f-Rj o 5kfl 2 watts 5 % high stability 
Rn 5k 2 watts 5 % high stability 
Ru IMfi 

fRis 2200 5% 
Rh icon 

fRis 5ka 2 watts 5 % high stability 
R16 330kQ  

• P. Cairns, "A Versatile Portable Oscilloscope", The Radio 
Constructor, July, August 1964. 

HT T 
340V 

275 

230 245 
c, Y, plate 

II 
V2 R(4 "9 

Input Cc 
<$-» 

24 2-8 
13 r8 Sync 

EF9I EF9I 
Fig. 1. Circuit of the Y amplifier 

same two EF91 valves originally employed in the 
higher gain medium bandwidth amplifier. It was 
decided to keep these two valves together with the 
same number of components; thus, if the new 
circuit was required, only a minimum number of 
component changes would be necessary. There 
are in fact only five component changes, and the 

Capacitors 
C3 0.25(xF paper 750V wkg. 
C4 0.25}xF paper 350V wkg. 

tCs 47pF silver mica 350V wkg. 

Valves 
Vl,2 EF91, Z77, 6AM6 

t New values. 
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Fig. 2. The response curve of the amplifier 

conyeijfeion can be carried out in a few moments. 
Having this choice of amplifiers considerably 
increases the versatility of the c.r.o., the user 
building the type of amplifier most suitable to the 
type of work being carried out. Should the alternate 
amplifier be required at any future date, a few 
moments work with a soldering iron will be sufficient 
to effect the change. 

Amplifier Function 
The actual function of the amplifier is in no 

way different from that described previously. In 
this version, the circuit Of which is shown in Fig. 1, 
the anode loads Rjo, Ris, have been considerably 
reduced in value. Since the common load resistor 
Rn is the same value as before, this means that 
not only is the overall gain much reduced but 
the feedback is also increased. Hence, a much 
higher bandwidth results. The two cathode bias 
resistors, Rg and R13, have been altered to give the 
correct bias level and so ensure that, even when 
overdriven, clipping is symmetrical. The high 
frequency compensation capacitor C5 is the other 

component changed, this being very much reduced 
to meet the requirements of the new load resistors. 
While the h.t. drain is increased slightly, the 17mA 
taken by the amplifier is still well within the capa- 
bilities of the h.t. supply. 

Voltage levels are shown in Fig. 1, these being 
measured with a 20kft/volt instrument. 

Specification 
The complete specification of the amplifier 

may be summarised as follows. Maximum overall 
gain is 20. Maximum undistorted output is 130 
volts peak-to-peak. The response is flat between 
5 c/s and 1.5 Mc/s, is -3dB at 1.8 Mc/s, and is 
—6dB at 2.5 Mc/s. There is useful gain up to over 
3 Mc/s. Sensitivity is approximately 1.25 volts/cm. 

A complete response curve is shown in Fig. 2. 
It will be noticed that a slight "hump" occurs at 
about 900 kc/s. This is due to slight h.f. over- 
compensation and was quite intentional, as the 
h.f. response would fall off lower down the frequency 
scale if an absolutely flat curve was aimed at. 
The slight over-compensation has no apparent 
effect on amplifier performance, and it offers an 
extremely good square wave response having no 
noticeable overshoot with rise times as fast as 
1|XS. 

The gain control, R7, can be re-calibrated to 
suit the new amplifier if required. The calibration 
is carried out in the same manner as previously 
described. The maximum sensitivity will be in 
the region of 1.25 volts/cm. That is, the 3 volt 
peak-to-peak square wave calibration signal should 
give a deflection of about 2.4 cm. 

Editor's Note.—If this amplifier circuit is employed in an oscillo- 
scope having the same layout as that previously described, the input 
wiring to R7 and from R7 to Vi control grid should be screened, 
using low capacitance screen cable. 

Encapsulated Module for 

Thyristor Control 

Mullard announce thyristor drive module MY5000, which is designed to simplify the use of thyristors in a wide 
range of ordinary electrical applications. This is the simplest module of a range and will drive up to two 70 amp. hieh 
current thyristors at the same time; for example, as two legs of a single-phase bridge circuit. 

Although more complicated drive modules are necessary for sophisticated high accuracy motor speed control with 
complex feedback loops, this low cost module will provide a most satisfactory economic solution for the many simple 
applications of motor speed control, furnace control, light dimming and also the control of a.c. power by a back-to-back 
thyristor arrangement. 7 

One of the problems for thyristor users is the provision of reliable drive pulses that will satisfactorily fire the 
thyristors and also control the position of the pulse by means of a control element or feedback loop. Each application 
naturally requires its own feedback loop arrangement, but by using a Mullard module which provides properly toleranced 
thyristor drive pulses, only the d.c. and feedback problems remain. The more common of these problems will be 
covered in Mullard Technical Reports. 

The trigger module MY5000 is completely protected against environmental effects by plastic encapsulation, a feature 
which protects circuit components and interconnections from damage by mechanical vibration or shock. 
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Part Four 

by Craig Mackay BRIDGE BUILDING 

In this article, the last of a series of four, the author combines the bridge network techniques 
previously described in a single comprehensive design. The complete bridge is mains operated, 

and offers a capacitance range of 10pF to 10nF, and a resistance range oflOQ to lOMQ 

rfON This month, the construction of a complete 
bridge measuring instrument will be described. 
The circuit diagram is shown in Fig. 21. 

The bridge proper is identical to that shown in 
Fig. 8 (Part 1 of the series) and mains a.c. is em- 
ployed for the source. Facilities are included for 
the use of an external source oscillator injected by 
means of suitable sockets on the front panel. The 
variable 2.5kn resistor, R17, gives an approximate 
indication of the power factor of capacitors in the 
range 0.1 to 10(iF. This may be calibrated directly 
in percentages for 50 c/s a.c. or left to give a good- 
bad indication only (good corresponds to zero 
resistance in the variable component).1 

The null indicator consists of a two-stage ampli- 
fier connected to a 312 loudspeaker. Although it is 
not normally used as an output valve, an EF91 is 
employed for the output stage because of the low 
output power required to fully drive the speaker. 
The preset variable resistor included in the grid 

1 A power factor calibration for R17 will only apply on the 0.1 
to 10p,F range (see Part 1) for a particular bridge-energising frequency. 
The latter could be the 50 c/s mains source. The unknown capacitor 
is balanced in the usual way with R17 set to zero resistance (=good). It it is found that the null indication can be made more precise by 
adjustment of Rn this shows that the capacitor under test has a 
power factor which can be evaluated from the reactance of the 
standard capacitor and the resistance inserted by R17. For general 
home-constructor work, however, an accurate power factor calibra- tion is seldom required, and R17 may be employed to give an approxi- 
mate indication between "good" and "bad". 
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^2,-5-^1 Rio +.L R|4 EF9I 
WW-I-H—WW^ 

S §^30 
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Prc- C9 0-200V§ 
SOmA S 

set SC8 C2 

T. r9 
5 

55 V 16 
vw 20mA 2 

EXt£—r 
standard ^ 

S4 
S2a Rll SrI2 5r13 
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oscillator RlS 

X terminals 
I 

Fig. 21. The circuit diagram of the complete bridge instrument . The ranges switched in by Si were detailed in Part 1 
of this series 
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W 

b 
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Range switch 
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Ext standard 

Extdetector 

Ext. oscillator 

Power factor 
Fig. 22. The layout above the chassis 

circuit of the output valve controls the maximum 
output power, thus avoiding damage to the speaker 
by overloading. The amplified null voltage is also 
available, at external terminals, for use with other 
detectors. The speaker may be switched out by S3, 
a 3fl resistor being connected across the secondary 
of Ti in its place. 

Construction 
The layout of this instrument is not particularly 

critical. Care should be taken to avoid "cooking" 
any bridge components by placing them too close 
to sources of heat. These components, and the early 
detector circuits, must be kept well away from the 
stray fields around the mains and output trans- 
formers. 

Keep the stray capacitances between chassis and 
the source terminals to a minimum, as such capaci- 
tances will cause inaccuracies to creep in. 

The author's layout is shown in Fig. 22. The 
instrument was built on a four-sided 18 s.w.g. 
aluminium chassis measuring 9 x 6 x 2^in, with a 
front panel 10 x 7in, also of 18 s.w.g. aluminium. 
The chassis was bought already made up, as the 
saving given by making it up from sheet aluminium 
was not thought to be worth-while. Drilling details 
are given in Fig. 23. 

The wiring diagram is shown in Fig. 24 and both 
these diagrams are self-explanatory. The under- 
chassis screens are made up as required from 18 
s.w.g. sheet aluminium. Earthed screened leads 
must not be used for connecting the energising 
source to the bridge as those generally have a high 
capacitance to chassis. It is in order to use screened 
leads to feed the detector, however, as stray capaci- 
tance here has no effect on the balance position. 

Operation 
First check and thoroughly test the completed 

instrument. Then connect the unknown component 
across the "X" terminals. At one point the balance 
position will be found. The position of the range 
switch will then indicate a value which is multiplied 
by the factor shown on the "balance" scale (see 
Fig. 7 of Part 1). This gives the value of the unknown 
component directly. When the high capacitance 
range is used, balance is first obtained by the main 
control and the null-point is "sharpened" by means 
of the power factor control. This gives a power 
factor indication in addition to the components 
value. The preset control in the amplifier should be 
adjusted as required. The completed bridge will 
give an accurate indication of component values 
between 10D and 10MD and between lOpF and 
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fig. 23. Drilling details. The group of four "A" holes in the top view (top left) apply to the transformer employed 

in the prototype and may not correspond to alternative components 

lO^F, together with rough indications down to IH 
and IpF and up to lOOMfl and lOOuF. It is impor- 
tant not to expect razor sharp balance on the low 
capacitance, and high resistance ranges, for this will 

just not be forthcoming. Where balance is indis- 
tinct, a good idea is to gently rock the main control 
to either side of the balance position, estimate the 
average setting and, hence, the final value. Accurate 

APRIL 1965 631 

www.americanradiohistory.com



Ext. standard 

/ 

" Screening 
partition 
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Fig. 24. The principal wiring below the chassis. The lead to the external detector socket from the junction of Rg and 
C7 should be screened. The two pairs "LL" are from the output transformer secondary. These enter the valve 

compartment at one grommet and pass out at another 

readings are possible by means of this method.2 

Conclusion 
A wide range of possible variations on the basic 

theme of component bridges has been given in this 
short series of articles. The constructor is encour- 
aged to experiment with the various circuits sug- 
gested. All should work; some better than others. 
Those who have, so far, restricted their attention to 
the construction of radio receivers and amplifiers 
will find that no additional qualifications or experi- 
ence are necessary to be able to construct testgear 
of the nature described in these four articles. 

2 The stray capacitance across the test leads should be borne in 
mind when making measurements on the lowest capacitance range. 
If it is thought to be large, this capacitance should first be measured 
with the leads open circuit but in position, the value measured being 
subtracted from the apparent value of the component under test. 

Components List 
Resistors 
(All fixed resistors 10% unless otherwise stated) 

Rx 1MQ 
R2 270ka 
R3 47kU 
R4 10ka 1W 
R5 isoa 
Re 25kfl log potentiometer, pre-set 
R7 IkO 
r8 isoa 

Rp lOOkD 
Rio 2ka 2W 
Rn lOOU iW ± 1 % Hi-stab 
R12 lOkfl JrW ±1% Hi-stab 
R13 IMH JrW ±1% Hi-stab 
R14 icon 1W 
Ris 10kn wirewound potentiometer, linear 

track 
Rie 3ka 2W 
Rxv 2,500kft variable resistor, linear track 
Ris 30 1W 

Capacitors 
Q 0.01 (xF 
C2 0.1 pF 
C3 8[j.F 250V wkg. electrolytic 
C4 25(j.F 12 V wkg. electrolytic 
C5 0.01 [xF 
Cg 25|xF 12V wkg. electrolytic 
C7 0.01 pF 
Cg 8(xF 250V wkg. electrolytic 
C9 8ixF 250V wkg. electrolytic 
Cm lOOpF ±1 % 
Cn 0.01 p-F ±1 % 
C12 1 fxF i 1 % 
C13 0.01 p.F 

Valves 
Vj EF91 
V2 EF91 

Rectifier 
Di Contact-cooled, 250V 50mA 
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Transformers 
Tj Miniature output transformer 
T2 Mains transformer. Secondaries 0-200V 

50mA, 6.3V 1A, 55V 20mA (See Parts 
2 and 3) 

Switches, 
Si 1-pole 7-way, range selector switch 
S2(a), (b) d.p.d.t. toggle, source selector switch 
53 s.p.d.t. toggle, speaker muting 
54 d.p.d.t. toggle, mains on-off 

Sockets 
1 valveholder, B7G, with screen (for Vi) 
1 valveholder, B7G, without screen (for V2) 
6 wander plug sockets 
1 coaxial socket 

Miscellaneous 
3fl loudspeaker, 3in 
6.3 volt pilot lamp and holder 
3 knobs (one for balance control) 
Chassis, nuts, bolts, grommets, etc. 

HIGH OUTPUT ELECTRONIC 

METRONOME 

By K. BERRY 

SOME TIME AGO THE AUTHOR DEVELOPED AN ALL- 
transistor electronic metronome. This was a 
transistor multivibrator running from its inbuilt 

9 volt battery. A small loudspeaker was driven 
directly by one of the transistors. Whilst this unit 
worked well, it was found that for some purposes 
the output power was insufficient, and consideration 
was given to the design of a high powered metro- 
nome. The unit described in this article is the result 
of such work. 

One feature of the transistor metronome was the 
use of high value (50[xF) capacitors in the tuning 
circuit. Electrolytic capacitors are necessitated by 
the need for a long time constant (R x C) coupled 
with the fact that transistors are low impedance 

devices—hence there is a small R, which needs a 
large C. Electrolytic capacitors are sold subject to 
a very large tolerance and are wont to drift in value. 
If possible, therefore, their use should be avoided. 
The elimination of electrolytic capacitors could, 
perhaps, be achieved by the use of sophisticated 
circuitry with its attendant cost and complexity, but 
it was felt that this approach was not the right one. 
In any case, the design of a transistor output stage 
which would give a high enough output power and 
a suitable power supply would result in a rather 
expensive piece of equipment. 

In view of these considerations, it was decided to 
design an electronic metronome employing valves 
and details of this are given in this article. 

HT+I 

R4 

C3 
ECC 

II < 

EL84 

4,5 
*2 R3 

X X X X 
VR| 

VR2 

HT+2 

L.S. 

HT- 

Fig. 1. The circuit of the high output electronic metronome 
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Components List 
(Fig. 1) 

Resistors 
(All fixed resistors 10% i watt unless otherwise 
stated) 

Rj 10k ft 1 watt 
R2,3 680kfl (see text) 
R4 lOkO 1 watt 
Rs 330kn 
R6 470fi 1 watt 
VRi lOOkfl potentiometer, linear 
VR2 lOOkfl potentiometer, log 

Capacitors 
Cu 39pF, ceramic or silver mica 

,3 0.5|j.F paper, 350V wkg. 
0.01 [aF paper, 350V wkg. 

Valves 
Vi ECC81 
V2 EL84 

Diode 
Di OA81 

Transformer 
T. Speaker transformer, 40:1 

Miscellaneous 
1 loudspeaker, 7>0. impedance 
2 B9A valveholders 
Knobs, etc. 

Circuit 
The circuit of the electronic metronome is given 

in Fig. 1. It will be seen that two valves are used. 
The first valve, Vi, is a double triode, and it acts 
as a multivibrator. The rate of operation is varied 
by the positive potential applied to the two grids 
by VRj. The multivibrator gives a constant mark- 
space ratio, and only the repetition rate is varied 
by VRi. The output of Vi(b) is differentiated by 
C4 and the subsequent resistance and fed to the grid 
of the output valve V2 via volume control VR2. 

HT+I HT+I 

ww HT+2 HT+2 
(ISOV) 

© 
VRI0E/30 

From power 
unit 

© 
VR75/30 

HT- 
Fig. 3. Frequency stability may be improved, if desired, 
by adding voltage regulator tubes to the power supply 

circuit 

EZBO 
250V 

E/T" r 

HT+ 
HT+2 

C6 
rr 

250V HT- 

6-3 V 

Input 

Fig. 2. A suitable power supply unit 

Components List (Fig. 2) 
Capacitors 

C5, e 32+16(xF electrolytic, 350V wkg. 
Valve 

V3 EZ80 
Transformer 

T2 Mains transformer. Secondaries: 250-0- 
250V at 60mA*, 6.3V at 2A 

Choke 
Li Smoothing choke. 8 Henries at 60mA* 

Switch 
Si Mains switch, d.p.s.t, toggle 

Miscellaneous 
1 B9A valveholder 

♦Increase rating to 90mA if regulator circuit of Fig. 3 is used. 

The positive-going spikes produced in the differentia- 
tion process are bypassed to ground by germanium 
diode, Di. This is necessary to prevent a double 
frequency "beat" occurring, with alternate beats 
loud and soft. 

The small capacitor Cj (39pF), connected from 
the anode of Vi(a) to chassis was found to be 
necessary in practice if stable operation at the 
lowest rates was to be obtained. 

The components used in the prototype were quite 
straightforward. Capacitors C2 and C3 are paper 
components. The speed control, VRi, is a 100k£2 
linear potentiometer. Either a carbon track or 
wirewound control is suitable, though the latter is 
to be preferred. 

Resistors 
Components List (Fig. 3) 

R7 
Rs 
R9 

Valves 
V4 
V5 

56k£2 ^ watt 10% 
33k£2 i watt 10% 
2.2k£2 3 watts 10% 

VR105/30 
VR75/30 

Miscellaneous 
2 octal valveholders 
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Loudspeaker 
HT+I 

HT+2 
lOkn 

I watt 
HT+2 

o 

From power 
unit 

j 8pF 

HT- 

Fig. A simpler means of obtaining the desired h.t. 
voltage 

Power Supplies 
The circuit of Fig. 1 requires an h.t. supply of 

200 to 250 volts at 50 to 60mA, and a circuit for a 
suitable power unit is shown in Fig. 2. 

It is worth noting that the speed of operation of 
the metronome is somewhat dependent upon the 
h.t. supply voltage. This variation is small with 
normal variations. For instance, if VRi is set to 
give 150 beats per minute at an h.t. potential of 
250 volts, reducing the h.t. potential to 200 volts 
(i.e. by 20%) causes the speed to rise to 155 beats 
per minute (an increase of about 3 %). This sort of 
voltage reduction will occur after prolonged use 
when the rectifier valve ages, and it may be eliminated 
by stabilising the h.t. voltage of the multivibrator 
by regulator tubes as shown in Fig. 3. This is not 
essential, however, and is only required where great 
accuracy of speed is needed. The regulator tubes 
could be dispensed with if the rheostat and volt- 
meter of Fig. 4 were employed instead, and the 
voltage manually adjusted (when necessary) to, say, 
200 volts. 

Construction 
The layout of the unit is not critical, and the 

constructor may build it in the manner which he 
finds most convenient. Fig. 5 shows a suggested 
layout. 

A possibly convenient form of construction might 
consist of building the metronome into an old radio, 
since such a chassis will have a suitable power 
supply, together with a loudspeaker and output 
transformer, etc. It will also have a dial, which 
could be re-calibrated with the metronome scale. 

Operation and Calibration 
When the unit has been wired in accordance with 

the circuit diagram it should function without any 
difficulty. Failure to operate can only indicate 
incorrect wiring or faulty components. If either Cj 

I Ivr 

>. \V2i lVl 

C5.C6 

*3) M 

(a) 

OFF 
WAINS 

VR Loudspeaker 

(b) 
Fig. 5 (a). A suggested chassis layout. It is assumed 

that voltage regulator tubes are employed 
(b). Front panel layout 

01 C3 have low insulation resistance the circuit may 
fail to operate properly or even at all. 

Once the circuit is working, set VRj for the lowest 
speed of operation and count the number of beats 
per minute, then set it for the fastest speed and 
count once again. The slowest and fastest rates 
should be about 40 and 240 respectively. If this 
range is not obtained the time constants R2 C3 and 
R3 C2 are incorrect and must be changed. This may 
be done as follows. If the unit runs too slowly 
reduce R2 and R3 (try 560kfl), and if the unit runs 
too quickly, increase R2 and R3 (try 820kXl). If 
these changes do not correct matters, then either 
C2 or C3 must be widely out in value and fresh cap- 
acitors should be tried in their places. 

Having obtained the correct speed range, it only 
remains to calibrate the unit, which may easily be 
done by counting the number of beats whilst using 
a stop-watch or watching the second hand of a 
clock. Of course, if one has access to an electronic 
counter—then there is no problem at all! 

WHARFEDALE WIRELESS WORKS LTD. 
Mr. Peter Dye recently joined Wharfedale Wireless Works Ltd. as Managing Director after a period as Marketing 

Manager with Racal Electronics and several years with EMI Ltd., as Manager of the Recording and Relay Equipment 
Division. Mr. G. A. Briggs, who founded the Company thirty-two years ago, still continues as Chairman. Wharfedale 
Wireless Works is, of course, a company within the Rank Organisation. 
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CURRENT LIMITING IN LOW 

VOLTAGE POWER PACKS 

I 

By JOHN G. DEW, B.Sc. 

In this article our contributor discusses the basic methods of obtaining short-circuit current 
limiting in low voltage power packs, demonstrating the simple calculations that are required 
for determining component values. He concludes by describing a low voltage power pack 
offering continuously variable voltage output with short-circuit current limiting, or a fixed 

voltage output with adjustable short-circuit current 

The usual low voltage power pack for 
transistor work has a circuit as shown in Fig. 
1. This has one big disadvantage, however. 

If the output terminals are accidentally short-cir- 
cuited, the only restrictions to current flow are the 
internal resistances of the transformer and diodes. 
As these resistances are normally low, a short- 
circuit will often bum something out—usually all 
four diodes! 

The situation is changed when some form of 

AC 

I 
mains 

Fig. 1. The usual low voltage power supply 

voltage regulation is employed. The usual method 
is to use a power transistor operating in the emitter- 
follower mode, as in Fig. 2. A battery is seldom 
used to supply the base potential, two other methods 
being the most popular: a potentiometer or a zener 
diode. 

The Potentiometer Method 
The potentiometer is connected across the d.c. 

supply, and the slider feeds the base of the transistor. 
As we are concerned with short-circuits, we must 
examine the worst conditions. If the slider is con- 
nected to the negative line, a short-circuit on the 
output will apply the d.c. supply across the base- 
emitter junction of the transistor—obviously un- 
desirable. Thus, some limiting resistance must be 

D.C. supply 
voltage 

Vb Vout2: vb 

Fig. 2. A transistor regulator 

included in the base circuit. Assuming a maximum 
permissible base current of 0.5 amp and a supply of 
20 volts, we need Rb^dOtl. 

However, let us now calculate the short-circuit 
output current. If the current gain of the transistor 
is 50, the 0.5 amp base current will allow 0.5 x 50, 
or 25 amps to flow—again undesirable. There is a 
simple remedy for this, however. If a resistor Rc is 
put in the collector circuit (see Fig. 3) it will have 
little effect on the output so long as there is a volt 

Rc 
 WW  

Vb 

Fig. 3. Potentiometer control of base potential 

or so between collector and emitter. If one attempts 
to draw a very high current, the collector-emitter 
voltage falls because of the voltage drop across Rc, 
and the transistor cannot pass the high current. 
Thus, automatic current limiting is achieved. 

There is one drawback in using a potentiometer 
to supply the base voltage: the base circuit resistance, 
divided by the current gain of the transistor, is 
transferred to the output circuit. If the potentio- 
meter has a total resistance of 500fi, at mid-point 
the base will "see" two 250Q resistors in parallel, 
or 125Ii. Thus the maximum output resistance 
would be 112512-|-40Ii)H-50=3.3fl, which is rather 
high.   

Zener 
diode 

636 

Fig. 4. Zener diode control of base potential 
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Resistors 
Rx 
R2 
R3 
R4 
R5 
Rs 
VRi 
VR2 

Components List 

lOOkO 1 watt 

A.C. 
5 wan 

240STi 2 watts ° 
47 £2 3 watts 
3 3 £2 2 watts 
20£2 20 watt wirewound 
5k £2 wirewound 
500£2 5 watt wirewound 

Capacitors 
Ci 2,500iJ.F 25V wkg. 
C2 SOOixF 25V wkg. 

Semiconductors 
TR! dC28, OC29, OC35, OC36, GET573 
D1-D4 Diodes rated 50 p.i.v. minimum at 2 

amps. (BYZ13 would be suitable) 
Zi VR9-B (A.E.I.). Also, with R3=470£2, 

OAZ207 (5% tolerance on Vz) or 
OAZ212 (15% tolerance on Vz) 

Transformer 

WW 

S2 
£3a 

VR? 
3lzi Output 

terminals 

0+ 

Ti 

Switches 
51 
52 
53 

Secondary: 15 volts at 3 amps, e.g. 
Douglas MT21AT, or 17 volts at 2 
amps, e.g. 12 volt battery charger 
transformer 

1-pole 1-way 
1-pole 4-way 
2-pole 2-way 

The Zener Diode Method 
If a zener diode is used to supply the base voltage, 

as in Fig. 4, its slope resistance is quite low, say 
20£2. This would contribute an output resistance of 
20£2-i-50=0.4£2, which is much more satisfactory. 
The use of a zener diode has another advantage; if 
the output is short-circuited, the base current is 
limited by Rz, and no collector resistor is required. 
With intelligent design, a very low output resistance 
can be combined with a reasonable short-circuit 
current. 

As an example of design, assume a supply voltage 
of 20 volts d.c., a maximum regulated current of 
500mA, a 10 volt zener diode and a transistor current 
gain of 50. 

Then the maximum regulated base current= 
500 — 50=10mA. So the zener diode current on 
no-load is also 10mA. 

The short-circuit base current is thus 
^Sn=20mA. 
1,000£2 

Therefore, the short-circuit output current= 
20mAx 50=1 amp. 

A Practical Circuit 
The use of a zener diode has one disadvantage— 

the output voltage is fixed. The author combined 
the best of both worlds with the circuit of Fig. 5, 
which provides a fixed voltage, very low impedance, 
supply and a continuously variable, medium impe- 
dance, supply. 

Fig. 5. The complete power supply circuit. Switch S2 
controls the short-circuit output current when the zener 
diode is selected by S(3a). The alternative setting of S3 
causes output voltage to be controlled by VRa- With 
zener control the short-circuit output currents given in 
practice will be proportional to the gain of the transistor 
and, if desired, may be calculated as described in the 
text. Alternatively, of course, they may be measured 

As an extra refinement the zener diode supply 
resistance is made variable, since this controls the 
short-circuit output current. To cover the complete 
range, a variable resistor is used to control the 
higher currents, and a fixed resistor for a selection 
of lower currents. One switch position open-circuits 
the zener supply, and the output current is then 
limited to the leakage current of the transistor. 

The zener voltage which is used is a matter of 
personal preference, but it is limited by the rectified 
voltage available. If, as in the prototype, a 15 volt 
transformer is used to give a rectified voltage of 
about 20, the maximum zener voltage is about 12. 
Amy higher voltage will result in heavy short-circuit 
output currents compared with the maximum regu- 
lated output. The author chose a 9 volt diode, as 
the unit can then be used to power any equipment 
designed for a 9 volt battery. 

There are two points to be remembered when 
considering thermal stability. First, the transistor 
may dissipate up to 20 watts under short-circuit 
conditions, and should be mounted on about 24 
square inches of aluminium sheet; and second, a 
transformer with a given rating on resistive load 
will have a lower rating when used with a rectifier. 
This is because the heating effect depends on the 
square of the current, which is greater for a peaky 
waveform than it is for a sine wave of the same 
mean value. 

This point does not, however, apply to a trans- 
former which is rated for rectifier work. For 
example, a battery charger transformer is intended 
for operation with a rectifier, and is suitably rated; 
one having a 17 volt secondary (for charging a 
12 volt car battery) would be ideal in this application. 

One further point concerns smoothing. Although 
only a single reservoir capacitor is used, the "ripple" 
content of the output is very low because of the 
smoothing in the base circuit. In one position of 
S3 the zener diode effectively decouples the base 
supply, and in the other position the SOOixF cap- 
acitor, C2, provides more conventional smoothing 
of the base. 
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AUTOMATIC 

CODE SENDER 

By S. G. Wood, G5UJ 

IT*HIS ARTICLE DESCRIBES AN IDEA WHICH OBVIATES 
i that most tedious and tiring chore—the manual 
f sending of lengthy c.w. CQ calls. When cor- 

rectly adjusted it is sufficiently accurate to handle 
speeds of up to 25 to 30 w.p.m., the maximum being 
dependent, of course, on the relay employed. 

A glance at the accompanying circuit diagram 
will disclose its almost stark simplicity. Nothing 
"awkward" in the way of components is called for 
and, apart from the relay, everything may well be 
found in the average junk box. 

Pre-Recorded Morse Signal 
A pre-recorded morse signal, in the form of a 

keyed a.f. tone, is provided by the low impedance 
output of a tape recorder. This is fed to the input 
socket. A reverse-connected speaker transformer, 
T], steps up the signal voltage and applies it to the 
grid of the triode Vi. This valve passes a high 
anode current when positive half-cycles are applied 
to its grid, the average current being sufficient to 
energise the relay. The relay contacts then key the 
transmitter. Valve and relay operating conditions 
are controlled by adjusting Ri and R3. The a.f. 
signal at the anode of V] may be checked at the 
monitor jack. 

„ ^ •jj . Relay it T contacts 
-♦iU ti di 

Relay coi I 

6J5 175 Input 220V 
0 

6* 3V; 
Monitor 

jack 

The circuit of the automatic sender unit. A pre-recorded 
morse signal is fed, from a tape recorder, to the input 

socket 

The relay used should be capable of operating 
sufficiently quickly to follow the morse characters, 
and of being energised by the anode current of the 
triode. Some experiment may be required here. 
The writer obtained adequate results with a P.O. 
type 3000 relay, this having a 2,0000 coil and two 
sets of make contacts. Only one set of contacts was 
used for the present application. 

A small triode of the 6J5 class was originally used, 
but almost any small triode valve will serve. If a 
miniature type is preferred, a 6C4 should be equally 
effective. Requirements in the way of power supply 
are quite modest. The mains transformer is a small 
component giving some 175 to 220 volts at 15 to 
20mA, together with 6.3 volts for the triode heater. 
A smoothing choke is shown in the Li position, but 
this could be replaced by a Ikfl 1 watt resistor, if 
desired. The rectifier, Di, may be a "metal" or 
contact-cooled component having the appropriate 
rating. 

The Tape 
The signal obtained from the tape may be pro- 

vided by an endless loop of tape on which the 
required morse message has been previously re- 
corded.* The pre-recording is carried out by 
feeding a manually keyed a.f. note into the recorder 
at an appropriate input socket. The recorder is, of 
course, switched to "record" during this operation. 
When it is later used for automatic code sending, 
it is switched to "playback", whereupon the keyed 
a.f. tone is fed to Ti and the triode, as just described. 

♦This may incur the use of an unmanageably long loop of tape, 
and an alternative idea could consist of pre-recording, for 10 minutes 
or so, on a tape which proceeds through the recorder in the normal 
manner. The tape could then by played back in the same way, the 
appropriate section being rewound when it came to an end.—Editor. 

Components List 
Resistors 

R! Ikfl potentiometer, wirewound 
Rz IkQ 20% 1 watt 
R3 10kf2 potentiometer, wirewound 

Capacitors 
Ci 25(j.F electrolytic, 25V wkg. 
Q 0.05(xF paper, 250V wkg. 
C3 SjjiF electrolytic, 350V wkg. 
C4 16jxF electrolytic, 350V wkg. 

Inductors 
*L| Smoothing choke 

—1 s T| Speaker transformer, 40:1 to 70:1 
/ 1 *Tz Mains transformer 

T Valve 
* *V| 6J5 
( Rectifier 
J *D| H.T, rectifier 

Relay 
* Relay with set of make contacts 

Switch 
Si s.p.s.t. toggle 

Sockets 
Input socket 
Jack 

♦These components are discussed in the text. 
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The writer obtained his keyed a.f. tone for the pre- 
recording process by tuning his receiver, with the 
b.f.o. switched on, to a harmonic of his transmitter 
oscillator. This procedure had the advantage of 
requiring no -additional equipment. An alternative 
approach would consist of keying an audio oscillator. 

The most important item, the tape recorder, 
should be in good working order. As continuous 
monitoring is envisaged with this equipment, it 

should be possible to interrupt the CQ sequence, 
and introduce the end of message manually on the 
station key, and this can be done by quickly replac- 
ing the automatic key jack-plug at the transmitter 
with that from the normal key. 

Many variations of this particular idea will prob- 
ably occur to the reader, and the design undoubtedly 
presents plenty of scope for much interesting and 
rewarding experiment. 

■ ■ ■ RADIO TOPICS 

f 

iy Recorder 

I don't know whether it's the 
custom these days to demon- 
strate the properties of static 

electricity to students with the aid of 
a Wimshurst machine, but it cer- 
tainly used to be in the days before 
the war. Great fun it was too, and 
especially at my school, because 
despite frenzied cranking on the part 
of our physics master the wretched 
machine would never generate 
enough electricity to deflect the 
tiniest of pith balls. 

When, whilst 1 was on a radio 
course in the R.A.F. in 1940, the 
Wimshurst machine was once more 
to be the centre of a demonstration, 
I looked forward wickedly to further 
energetic but unsuccessful attempts 
to produce static electricity. But our 
R.A.F. instructor had a trick or two 
up his sleeve and, when the machine 
refused at first to operate, he quickly 
rubbed up a glass rod and held it, in 
its charged state, against the whirling 
metal segments of the machine. At 
once the machine came to life, and 
the beatific smile of our instructor 
could be seen shining happily behind 
a veritable fusillade of vivid dis- 
charges between the spark gaps. 

Visual Demonstrations 
Despite the occasional unpredict- 

able behaviour of the physics 
teaching devices of twenty to thirty 
years ago, the visual demonstrations 
they provided made a far greater 
impression on the student's mind 
than any amount of lecturing and 
reading could possibly provide. 
There is nothing like seeing for 
oneself, and if the student can 
actually watch a convincing demon- 
stration of a basic law of electricity 
he is all the more satisfied about its 
veracity. 

With these thoughts in mind I have 
found myself very impressed by a 
range of electrical apparatus recently 
introduced by the Rank Organisation 
especially for demonstration pur- 
poses in schools, technical colleges 
and universities. These, described as 
Demonstration Tubes, are available 
from Rank Audio Visual, Woodger 
Road, Shepherds Bush, London, 
W.12, and consist of a series of glass 
housings with electrode structures 
designed for specific demonstrations. 
Also available are supports for the 
tubes, and magnetising coils to 
illustrate the effects of magnetic 
deflection on an electron beam. 

A typical example in the Rank 
Demonstration Tube range is the 
Maltese Cross Tube shown in the 
accompanying photograph. The 
original Maltese Cross experiment, 
as demonstrated by Sir William 
Crookes, made use of a cold cathode 
and sufficient energising voltage to 
cause the glass of the tube to 
fluoresce, a shadow then being 
thrown by the metal Maltese Cross. 
However, it is possible for these 
conditions to cause the generation 
of x-rays, a risk that is overcome in 
the Rank tube by employing a hot 
cathode. Further, a fluorescent 
material is coated on the inside of 
the bulb to make the shadow more 
readily visible. These two factors 
make it possible to operate the tube 
at potentials as low as 1,000 volts 
d.c. for a partly darkened room and 
2,500 volts d.c. for daylight. The 
heater of the cathode is rated at 6.3 
volts 0.6 amps, and may be run from 
a small heater transformer. Visible 
in the photograph are two small 
paddles depending from the Maltese 
Cross; these enable the Maltese 
Cross to be rotated to any desired 

position by a magnet held outside 
the bulb. The glass stem below the 
bulb fits into a separate support 
(which also takes the stems of other 
Tubes in the range) with the result 
that the whole apparatus may be 
conveniently set up in a very short 
time. 

Similar in shape to the Maltese 
Cross Tube are an Elementary Diode 
and a Perrin Tube. The Elementary 
Diode is starkly simple, with a 
clearly visible tungsten filament and 
a flat circular anode some distance 
away. This tube may be used for the 
demonstration of thermionic emis- 
sion and the plotting of Ia Va curves 
at various filament temperatures. 
The Perrin Tube which, like the 
Maltese Cross Tube, has a hot 
cathode with a 6.3 volt 0.6 amp 
heater, shows amongst other things 
the effects of electron beam deflec- 
tion; and is similarly capable of 
operating at voltages of the order of 
2,500. Yet another hot-cathode tube 
demonstrates cathode ray deflection 
by means of two internally fitted 
electrostatic deflector plates. Both 
these last two tubes allow the effects 
of magnetic deflection to be ob- 
served. 

Finally, two cylindrical tubes 
appear in the range, each fitted with 

The Maltese Cross Demonstration 
Tube produced by Rank Audio 
Visual. The use of a hot cathode 
and fluorescent screen enables 
this historic experiment to be 
demonstrated convincingly at 

low supply potentials 
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internal electrodes and an evacuating 
stem having a glass tap for connec- 
tion to a vacuum pump. The first 
of these, the Elementary Discharge 
Tube, contains an electrode at each 
end and demonstrates the visual and 
electrical effects of passing a current 
through air at reduced pressure. 
The Canal Ray Tube is basically the 
same but has a disc cathode at one 
end perforated with three holes. 
These cause positive ions, travelling 
in the opposite direction to electrons, 
to become visible as faint pink 
luminous columns, or "canal rays". 

All these devices are designed to 
make the life of the physics teacher 
as easjf as possible and to provide 
him \fth reliable and impressive 
display equipment. And you don't 
need to charge up a glass rod to start 
them operating, either! 

*2 

W3 

Fig. 1. A single fuse, as shown 
here, may not offer full 
protection to a bridge rectifier 

circuit 
Bridge Rectifier Faults 

You may recall that, in our 
November issue, we published 
"Transmitter Power Supply Using 
Semiconductors" by E. Lawrence. 
This contribution described the use 
of silicon rectifiers in a bridge 
circuit offering 1,000 volts d.c. at 
200mA for the h.t. circuits of a 
transmitter. 

The article has prompted a com- 
ment from a reader, Mr. J. S. Brown 
of Borehamwood, concerning fault 
conditions in bridge rectifiers. In 
his letter, Mr. Brown states: 

"I have met these silicon supplies 
professionally, one of which de- 
veloped a fault which caused damage 

Short 
-circuited 

W3 

Fig. 2. If, for instance, 
rectifier W3 breaks down and 
becomes short-circuited, a heavy 
current can flow as indicated 

to the tran&fonner. One of the 
silicon rectifiers developed a short- 
circuit; and although fuse Ei blew 
(see Fig. 1), a circulating current 
continued to flow through half the 
bridge and the transformer secon- 
dary. 

"The solution we adopted (more 
for convenience than other con- 
siderations) was to mount an addi- 
tional fuse in series with one leg of 
the secondary. 

"I am not suggesting, of course, 
that any other bridge circuit would 
not be prone to the same fault 
whether or not it used silicons." 

To illustrate the effect described 
by Mr. Brown, the accompanying 
Fig. 1 illustrates a bridge rectifier 
circuit with a fuse (Fi) between the 
negative output terminal of the 
bridge and chassis. If, however, 
rectifier W3 breaks down, the circuit 
shown in Fig. 2 is set up. In this 
diagram, and during the half-cycle 
when the upper end of the trans- 
former secondary is negative, con- 
ventional current flows through the 
short-circuited W3 and, in the 
forward direction, Wi. Such a 
current will be very heavy and can 
damage the transformer and possibly 
Wi as well. Prevention of this 
effect, as put forward by Mr. Brown, 
is to insert fuse F2 in one of the 
secondary leads, as shown in Fig. 3. 

Taking a closer look at Fig. 3, it 
occurs to me that there is now no 
need for fuse Fi, and that the 
negative output terminal of the 

bridge could be connected direct to 
chassis. Fuse F2 will then give all the 
protection previously offered by Fi 
as well as guarding against the 
situation shown in Fig. 2. 

Tough Telephones 
Finally, a brief note concerning 

"Stanofones", the tough field tele- 
phones manufactured by Standard 
Telephones & Cables, Ltd. "Stano- 
fones" are especially made to with- 
stand the rigours of building sites, 
forest clearing, farms, shops and 
factories. (And if they are to be 
used at some building sites I've 
encountered, the language they 
handle will be pretty tough and 
rigorous, too!) They consist of 
one-piece telephones that will 
operate at distances of up to 60 

OO 

w2 

a. 

w3 w4 

Fig. 3. Further protection is 
given by adding Fz 

miles using a pair of wires. They 
are completely self-contained with 
their own batteries and calling signal 
device, and retail at £4 16s. per 
instrument. 

U.K. enquiries for the "Stano- 
fone" should now be sent to F. W. 
Reynolds Ltd., at 170 Chiltem Drive, 
Berry lands, Surbiton, Surrey. This 
agency appointment is of particular 
interest because Mr. F. W. Reynolds 
was, himself, one of the three 
engineers who suggested the "Stano- 
fone" when he worked with S.T.C. 
some years ago. 

Export enquiries for the "Stano- 
fone" are still handled by S.T.C. 
Private Communications Division at 
Footscray, Kent. 

HEATHKIT AUDIO GENERATOR 

A restyled version of the well-established Heathkit Audio Generator, model 
AG-9U, has joined the new-presentation series of Heathkit test instruments. 

The high performance standards have been retained: Range 10 c/s to 100 kc/s- 
Distortion less than 0.1% (20 c/s to 20 kc/s); Decades accuracy ±1% and ±2%; 
High grade, large scale, 200mA, f.s.d. meter; Bridged-T frequency control net- 
work; Constant output (approx. ^IdB) over the whole frequency range; High 
output (10 volts f.s.d. controllable down to 3mV f.s.d.). 

The price of the 1965 version of this versatile generator has been kept to 
£22 10s. Od. as an easily assembled kit, or £30 10s. Od. assembled and ready for use. 

640 THE RADIO CONSTRUCTOR 

www.americanradiohistory.com



New Positive Temperature 

Coefficient Resistors give 

Better and Cheaper 

Motor Protection 

Cheaper and more erfective protection of electric motors is given by a new range of positive temperature coefficient 
resistors announced by Mullard. 

Unlike conventional protection devices the new miniature resistors are incorporated directly in the windings of 
the motor. An excessive increase in the temperature of the windings (above about 110oC) causes a large and rapid 
increase in the value of the resistor and thus cuts off the motor's power supply. 

New techniques of temperature measurement and compensation are also made possible. 
Positive temperature coefficient resistors will find application in protecting motors which control production runs, 

operate lifts or cranes, and power electric trains. They are particularly useful for protecting remotely controlled motors, 
as for example those used in isolated pumping stations. 

When used to protect multi-speed motors only one resistor is required for each winding no matter how many 
speeds the motor is capable of. With conventional (bimetal switch) protection a separate device is necessary for 
each speed. . . 

Other applications include temperature measurement and compensation in transistor circuits, and current limiting 
in protection of relays used in telecommunication and similar equipment. In all applications they have the ad e 
advantage that units incorporating the resistors will automatically "fail safe" should the resistor or its associated 
circuitry become open-circuit. 

Positive temperature coefficient resistors are made from doped barium titanate ceramics and exhibit a highpositive 
temperature coefficient above the Curie temperature. At present five basic types are available, of these the P50/35/ / 
is particularly suitable for temperature measurement and temperature compensation m ;ra^^0r ''r^'tSwJhe ^ 
types can be used as current limiters in circuit stabilisation and protection, in particular the P80/ 10/33/01. with a Cur,e 
point of 11 OX has been developed for motor protection. The resistors (excluding leads) will fit into a cylinder of 
9.2mm internal diameter by 11mm long. 

Queries. We regret that we are unable to answer queries other than those arising from articles appearing in 
this magazine nor can we advise on modifications to equipment described. Queries should be submitted in writing. 

Correspondence should be addressed to the Editor, Advertising Manager, Subscription Manager or the Publishers, 
as appropriate. 

Opinions expressed by contributors are not necessarily those of the Editor or proprietors. 

Contributions on constructional matters are invited, especially when they describe the building of particular 
items of equipment. Articles should be written on one side of the sheet only and should preferably be typewritten, 
diagrams being on separate sheets. Typewritten articles should have maximum spacing between lines. In handwritten 
articles, lines should be double-spaced. Diagrams need not be large or perfectly drawn, as our draughtsmen will re-dnjw 
in most cases, but all relevant information should be included. Sharp and clear photographs are helpful, where applicable. 
If negatives are sent, we usually work from these rather than from prints. Colour transparencies norma ly reproduce 
badly—black and white photographs are very much better. Details of topical ideas and techniques are also welcomed 
and, if the contributor so wishes, will be re-written by our staff into article form. All contributions must be accom- 
panied by a stamped addressed envelope for return, if necessary, and should bear the sender s name and address. Payment 
is made for all material published. 

Production.—Letterpress/contact litho. 
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LEARN ELECTRONICS AS YOU 

BUILD 25 

including 

CIRCUITS . . . 

EXPERIMENTS . . . 

TEST GEAR 

CATHODE RAY OSCILLOSCOPE 
s .VALVE EXPERIMENTS # SQUARE WAVE GENERATOR # SIGNAL TRACER 
#;BASIC AMPLIFIER # SIMPLE TRANSMITTER # BASIC COMPUTER CIRCUIT 
# BASIC RECTIFIER # TRANSISTOR EXPERIMENTS 0 BASIC RADIO RECEIVER 
# PHOTO ELECTRIC CIRCUIT # BASIC OSCILLATOR # MORSE CODE OSCILLATOR 
0 TIME DELAY CIRCUIT 0 ELECTRONIC SWITCH ETC. ETC. 

This complete practical course will teach you all the basic demonstrated—radio reception and transmission: photo- 
facts of electronics by making experiments and building electrics; computer basics; timers; control circuits; etc.; 
apparatus. You learn how to recognise and handle all including servicing techniques. NO MATHS USED OR 
types of components—their symbols and how to read a NEEDED. NO THEORY NEEDED. NO PREVIOUS 
circuit diagram. You see how circuits are built and how KNOWLEDGE OR EXPERIENCE NEEDED. Tutor ser- 
they work BY USING THE OSCILLOSCOPE PROVIDED. vice available. No extras needed—tools provided. Send 
Applications of all the main electronic circuits are now, for Free Deto//s without obligation, to address below 

POST 

NOW W ADDRESS ♦ 

To RADIOSTRUCTOR, Dept. K3, READING, BERKS. Please send free details of your electronics kit set to: 
NAME i             

 SMALL ADVERTISEMENTS  
Use this form for your small advertisement 

To: The Advertisement Manager, Data Publications Ltd., 57 Maida Vale, London, W.9 
Please insert the following advertisement in the issue of THE RADIO CONSTRUCTOR 

16 words at 9d. 

'= 12/- 

ALL WORDING 

IN 

BLOCK LETTERS 
PLEASE 

I enclose remittance of   being payment at 9d. a word. MINIMUM 12/-. 
Box Number, if required, 2/- extra. 

NAME      
ADDRESS        

Copy to be received four weeks prior to publication. Published on the 1st of every month 
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SMALL ADVERTISEMENTS 

Rate: 9d. per word. Minimum charge 12/- 
Box No. 2/- extra. 

Advertisements must be prepaid and all copy must 
be received by the 4th of the month for insertion 
in the following month's issue. The Publishers 
cannot be held liable in any way for printing errors 
or omissions, nor can they accept responsibility (or 
the bona fides of advertisers. (Replies to Box 
numbers should be addressed to: Box No. —.The 
Radio Constructor, 57 Maida Vale, London. W.9.) 

bentley acoustic 
CORPORATION LTD 
38 CHALCOT ROAD CHALK FARM LONDON NWI 

THE VALVE SPECIALISTS Telephone PRIMROSE 9090 

THF INCORPORATED PRACTITIONERS IN T^io J^D Electronics (i.p.R.e.) ltd 
Membership conditions booklet Is. Sample copy of 
I.P.R.E. Official Journal 2s. post free.—Secretary, 
Dept. D, 32 Kidmore Road, Caversham, Reading, 
Berkshire. 

SERVICE SHEETS, 1925-1964. From Is. Catalogue 
6,000 models, Is. 6d. S.A.E. enquiries.—Hamilton 
Radio, 13 Western Road, St. Leonards, Sussex. 

S.E.S. SERVICE SHEETS for all Television Radio, 
etc Lists Is. 6d. plus S.A.E.—Sun Electrical Seivices, 
38 St. George's Road, Hastings, Sussex. 

METALWORK. All types cabinets, chassis, racks, etc., 
to your specifications.—Philpott's Metalworks Ltd., 
Chapman Street, Loughborough. 

HAMMER FINISH PAINT. The modern finish for 
electronics. Can be brushed or sprayed. Blue or 
silver. 2i oz. tins 3s. 6d., i pmt 7s. 6d., 1 pint 15s. 
Post 6d. on any order. Trade supplied.—Finnigan 
Speciality Paints, (RC), Mickley Square, Stocksfleld, 
Northumberland. 

CONVERT ANY TV SET INTO AN OSCILLOSCOPE. 
Instructions and diagrams 12s. 6d. £/eclromc £xpen- 
ments for the enthusiast and student 20s. Redmond, 
42 Dean Close, Portslade, Sussex. 

FOR SALE. Television Sets—not working. For 
callers only. 17in, £1 10s; 21 in, £3 10s.; 14m mams 
portables, £2 10s.—Telephone: Bournemouth 26849. 

LAFAYETTE "INTERNATIONAL" TAPE. Example; 
7" 2,400 ft. Polyester, 22s. 6d. P. & P. 2s. Wide 
range. S.A.E. list.—Leda Tapes, 27 Baker Street, 
London, W.l. 

FOR SALE. Communication receiver R208, covering 
5-30 metres, (10-60 Mc/s). Complete with all ac- 
cessories, manual and circuit diagram. Bargain 
£10 plus carriage. Write to—R- J- Buckley, 
Golborne Avenue, Withington, Manchester 20. 

Tr» CT.F.AR VT62 (VHF triodes), 5Y3GT, 807, 
830B, 801, 5R4GY, l2AT7 6AT6, 6AG5, 
KT66, EB91, DL92, ECC82, DK81, IS5, 6BR7, 
1625, EF40, EF92, 114, EL91. All at 3s 6d post 
paid. Labgear DSL/4 push-pull P.A coils for 80 
and 20 metres, plug-m, with base and link and split- 
stator variable capacitor to match. 30s. plus postage. 
Box No. F231. 

WANTED. Marine sextant and chronometer. Box 
No. F232. 

IL4 IRS 154 
155 1T4 2D2I 3D6 3Q4 3Q5 3S4 3V4 5Y3GT 5Z4 6AQ5 6AT6 6AU6 6AV6 6BA6 6BE6 6BH6 6BJ6 6BQ7A 6BR7 6BR8 6BW6 6CD6G 6CH6 6F1 6J7G 6K.7G 6K8G 6LI 6L6GT 6LI8 6LD20 6Q7G 6SL7 6SN7 6V6G 6X4 

2/3 41- 51- 3/6 2/3 5/6 3/9 5/3 
71- 4/6 5/3 4/9 7/6 5/9 3/9 5/3 5/6 4/6 4/9 5/3 5/6] 7/6 8/3 8/- 8/9 18/- 51- 9/6 4/6 1/3 3/3 10/- 

71- 10/ 5/6 41- 5/3 41- 3/9 3/9 

6X5 6/30L2 9BW6 I0CI 10C2 10FI I0FI8 10LDI 1 I0PI3 I OP 14 12AH8 I2AT6 12AU6 12AV6 I2BA6 I2BE6 I2BH7 I9AQ5 20DI 20F2 20LI 20PI 20P3 20P4 20 PS 30CI8 30F5 30L15 30P4 30PI2 30PI9 30PLI 35W4 85A2 5763 AZ31 AZ4I DAF96 DF96 DK92 

4/6 DK96 91- DL96 9/6 DM70 8/9 DY86 12/3 DY87 10/- E88CC 9/9 EABC80 9/6 EAF42 8/3 EB9I 11/6 EBC33 10/9 EBC4I 4/6 EBC8I 5/9 EBF80 6/6 EBF83 5/9 EBF89 4/9 EBL2I 6/- EC92 7/3 ECC40 10/- ECC8I 11/6 ECC82 12/6 ECC83 12/6 ECC84 HI- ECC85 13/6 ECC88 12/3 ECCI89 10/6 ECF80 5/9 ECF82 9/3 ECF86 12/3 ECH2I 7/6 ECH35 12/3 ECH42 10/6 ECH81 4/9 ECH83 6/6 ECH84 7/6 ECL80 6/6 ECL82 6/6 ECL83 61- ECL86 61- EF37A 61- EF40 

6/6 EF4I 61- EF80 51- EF83 6/9 EF85 61- EF86 10/- EF89 5/9 EF9I 7/6 EF92 2/3 EF97 61- EF98 6/6 EFI83 5/9 EF184 5/9 EL33 7/3 EL34 - 61- EL36 10/6 EL4I 6/6 EL42 7/- EL83 3/6 EL84 4/6 EL85 4/6 EL86 5/6 EL95 5/9 ELL80 8/9 EM34 11/6 EM7I 6/6 EM80 6/3 EM8I 11/6 EM84 91- EM85 6/3 EM87 61- EY51 5/9 EY8I 6/6 EY83 9/6 EY84 61- EY86 6/6 EY88 9/6 EZ40 8/9 EZ4I 61- EZ80 8/9 EZ8I 

6/9 41- 9/9 4/6 6/6 41- 
51- 2/6 10/- 10/ 71- 71- 6/9 8/6 8/9 7/3 7/6 6/9 4/6 7/6 7/3 5/6 13/6 11/6 15/6 6/3 71- 6/9 8/9 7/6 5/9 7/3 9/3 9/6 5/9 8/9 5/3 6/3 3/9 4/6 

9/6 6/9 6/9 5/6 6/9 10/6 8/6 

HABC80 9/3 K.T66 12/3 N339 15/- PABC80 6/9 PC86 10/3 PC88 PC95 PC97 PCC84 PCC85 PCC88 PCC89 PCCI89 10/6 PCF80 6/6 PCF82 PCF84 PCF86 PCF80I PCF802 101 PCL82 6/6 PCL83 PCL84 PCL85 PCL86 PL36 

U25 U26 U31 U 191 U282 U30I U329 U404 U80I 

6/3 8/6 7/9 10/ 

PL38 PL8I PL82 PL83 PL84 PM84 PY33 PY80 PY8I PY82 PY83 PY88 PY800 PY80I U24 

7/6 7/6 8/9 9/ 16/ 6/9 5/3 6/ 6/6 9/3 8/9 SI- SI- 4/9 5/9 7/3 6/- 6/3 12/6 

8/6 7/6 71- 9/6 12/3 11/6 91- 61- 16/3 UABC80 5/ UAF42 71- UBC4I 6/3 UBC8I 6/3 UBF80 5/9 UBF89 6/9 UBL2I 10/9 UC92 6/3 UCC84 8/9 UCC85 6/6 UCF80 8/9 UCH2I 01- UCH42 61- UCH8I 6/6 UCL82 7/9 UCL83 91 UF4I UF42 UF80 UF85 UF86 UF89 UL4I UL84 UM80 UY2I UY4I UY85 VP4B X4I X78 

6/9 4/9 6/3 6/9 91- 61- 7/3 61 8/:. 7/9 SI- SI 12/ 10/ 20/6 

Terms of business: Cash with 
s^me day^Osmpl^ete catalogue i'^'uding^tens^tor^ecUon^and^compo^ne^it^w/iUi 
w^are^rme^l/o^oersonal shoppers aa.m-S.lOp.m. Saturdays 9 a.nn.-S.30p.m 

MARTIN F.M. TUNER 
From 3 easy to 
assemble units 

UNIT 15. F.M. Head 
complete with tuning 
condenser £5.12.6d. 
AMPLIFIER 16. IF. 
Amplifier Strip £5.7.od. 
UNIT 17. Escutcheon, 
drive and controls 
assembly £1.17.00. 

An Audiokit 

Assembly 

Intended basically for adding to 
existing Martin Audio assemblies, this new F.M. Tuner can also be used with other 

high quality amplifiers. It combines three 
new prefabricated Martin Units which when assembled make a modern, all-transistor 
F.M. Tuner with A.F.C. For 9 volt operation 
via dropper supplied, or battery. The on-off control provides switch-through facil- 
ities for recorder, etc. A well-styled 
bevelled perspex escutcheon is included in 
Unit 17. These units are individually 
tested and available boxed separately. L Kb Leu auu     1   ' , 

(TimiirELECTRONICS, 154 High St., Brentford, Middlesex 
Details please of Recordakits □ and F.M. Tuner □ (Tick ns re,uired) \ 

I Address   
| RC.25     — ■ ■ — — • • —' ^ _J 
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REJECTOR UNITS 1.2-10 Mc/« in 4 switched ranges. Ideal for Harmonic suppression of TX, or as a station rejector for RXS, just plug aerial into one socket and connect to other socket, large tuning knob and dial, in small grey case. BRAND NEW. only 35/-, post 5/-. 
CHECKING RADIATION? 
SCINTILLATION COUNTER 1093 (B) using 6097B tube, plus 10 other valves, magnetic counter with lens. Each unit in case but made for 19" rack mountings x 8^". 
POWER UNIT 1093 (B) for above, 200-50 A.C. input, output stabilised adjustable (I) 0-2kV, (2) 300V 120mA. Meter for checking output voltages, same size as above using 10 valves, made by Ferranti. These two units are the complete counter, and checked complete, but as we know very little of this type of equipment no enquiry can be answered. £12.10.0 B.R.S. 10/- or either unit £7.0.0. B.R.S. 10/-. 
SCALING UNITS 1009 A X B S.A.E. 
50-75 WATT TAN NOT AMPLIFIER 200-50 A.C. input, using 6 valves, circuit and handmike also 2 spare 6L6 and 2 FW4/500 Valves. BRAND NEW £10.0.0 B.R.S. 10/-. 
12 VOLT—150 Vibrator pack made for 52 Set. BRAND NEW in Seale^ Cartons, less 6x5 Rectifier, 15/—. Post 2/6. 
AEHAL MATCHING TUNING UNITS 
Latest American release bulk purchase of 3,000 
These well-made tuning units, made for the American 19. T.X.-R.X. are housed in a metal case, green or brown, using a large precision calibrated scale, are an essential piece of equipment for the serious T.X. or R.X. operator. This unit will match an untuned wire or whip aerial to almost any short wave receiver or transmitter, exception- ally good for mobile Top Band use. This American version being well noted as far superior to any other. GUARANTEED BRAND NEW, only 20/-, post 7/6. Instructions supplied. 
U.H.F. RADIO RECEIVER RIO Fx 4840 Mc/s-4475 Mc/s (6.2-6.7 cms). These recently made sets are supplied in two units: 1. Receiver. This is manual or auto-tuned, by an internal motor, using a total of 18 valves, osc. mixer CV90, IF 45 Mc/s, aerial input via ordinary Pye co-axial plug (supplied). 2. Power unit & output stage. Contains 300V H.T. and—50V bias supplies, also Receiver auto-tune supply. Both units housed in matching metal cases sizes I7i" x 8" x 10". Supplied in first-class order, complete with circuit and connecting cable from power unit to set. Mains 230V input. Offered at a fraction of cost £4.10.0 per unit. Carr. 10/-. 
19" RACKS 5ft and 6ft high, 50/- each, carr. 10/-. 

J. T. SUPPLY (Dept. F), 38 MEADOW LANE, LEEDS 11 

//AS1/4" 

Tftoe 

Gser/ 

How to build a 14" 

m TV RECOVER 
Power supply: 12V d.c. or 190-250V a.c. Tuner: 
noise figure 5dB. Sound: sensitivity 3gV for 50 
mW output. Class AB push-pull. Vision: overall 
sensitivity 10ij.V for 20V p-p output. Timebases; 
blocking oscillators. Flywheel sync, for line. 
Linearity better than 8% (field), 5% (line). Wide 
use of etched foil circuits. Unit construction. 
April Issue 

Practical 

television 

Make 
sure of 
your 

copy now! 
2/- 

TESTED TRANSISTORS 

1/- each Red or White Spots. OA81, OA202. 

2/- each XA101. XA102, XA111, XA112, XB103, 
NKT122, OA90, OC430. 

3/- each OC44, OC45, OC81, OC81D, OC200, 
GET16. 

4/- each AF114, AF115, AF117, OC170. OC171, 
SX6S8, XU611. 

S/- each OC72, OC139, OC140, OC204, GETS, 
ORP60, BY100. 

10/- each OC35, OC26. OC28, AFY19, 2S013, 
ORP12, GETS71. 

ZENER DIODES 4.7 volt to 33 volt J watt, 3/6 each, 
1.5 watt, 5/- each, 7 watt, 6/- each. 

Send 3d. stamp for Full Price List, and Free 
Equivalent Chart 

B. W. CURSONS 
78 BROAD STREET, CANTERBURY, KENT 

MODERN 

GAR RADIO RECEIVERS 

No. 13 in our Data Book Series. This book 
contains three designs, covering Medium and 
Long Waves, and each being fully described 
with point-to-point wiring. The Jason- 
designed "Everest 6" and "Everest 7" employ 
transistors throughout and both now contain 
the latest modifications, together with extra 
illustrations and step-by-step instructions. A 
complete section, "Tackling Car Radio 
Interference" is also included. 

Fully illustrated with photographs and circuit diagrams, 
this Data Book should prove of interest to all car 

owners requiring a car radio. 

48 pages, with varnished board cover 

Price 3/6 postage 4d. 
Available from your usual supplier, or direct from 

DATA PUBLICATIONS LTD 
57 Maida Vale London W9 
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SMALL ADVERTISEMENTS 

continued from page 643 

FOR SALE. Small 4 watt amplifier for mic. or record 
player. 230V ax. 5 x 6 x 6in,, £3 plus carriage. E.D. 
single channel R/C transmitter, 27 Mc/s, £3 plus 
carriage. Co-ax switch, type 10FB-1363, 15s. 75/75 
p.f. split-stator variable capacitor, 10s.—Box No. 
F233. 

INTERESTED IN AMATEUR RADIO TELEPRINT- 
ING? Then join the British Amateur Radio Tele- 
printer Group. Details from Hon. Sec., G3LLV, 
15 Havelock Square, Broomhill, Sheffield 10. 

JOIN THE INTERNATIONAL S.W. LEAGUE. Free 
Services to members including Q.S.L. Bureau. 
Amateur and Broadcast Translation. Technical and 
Identification Dept.—both Broadcast and Fixed 
Stations, DX Certificates, contests and activities for 
the SWL and transmitting members. Monthly maga- 
zine, Monitor, containing articles of general interest 
to Broadcast and Amateur SWLs, Transmitter 
Section and League affairs, etc. League supplies 
such as badges, headed notepaper and envelopes. 
QSL cards, etc., are available at reasonable cost. 
Send for League particulars. Membership including 
monthly magazine, etc., 21s. per annum.—Secretary, 
ISWL, 12 Gladwell Road, London, N.8. 

THE INTERNATIONAL HAM HOP CLUB is a 
non-profit-making organisation open to Radio 
Amateurs and Short Wave Listeners. Object: 
to improve international relationships through an 
organised system of hospitality. Members offer 
overnight hospitality to visiting members, subscription 
10s. per annum. Associate Members invite radio 
amateurs to visit their stations. Associate membership 
5s. per annum. Family Exchange holidays arranged, 
also Friendship Links between radio clubs. The 
Club's official journal is free to both Full and Associate 
Members.—Hon. Gen. Secretary: G. A. Partridge, 
G3CED, 17 Ethel Road, Broadstairs, Kent. 

PANEL SIGNS TRANSFERS—NEW SERIES. Set 3 
Wording for receivers, amplifiers, test equipment and 
other radio apparatus—WHITE lettering. Set 4 
Wording—As in Set 3, but BLACK lettering. Set 5 
Dials—one large and two medium scales, horizontal 
tuning scale, control panels (switches, potentiometers 
and variable capacitors) having white markings on a 
clear background. Set 6 Dials—as in Set 5, but the 
control panels have white markings on a black back- 
ground. All sets 4s. 6d. each, postage 3d. Limited 
supply of Set 2 of the old series (Test Equipment— 
scales, control panels and some white wording) still 
available, price 3s. 6d., postage 3d.—Data Publications 
Ltd., 57 Maida Vale, London, W.9. 

continued on page 647 

TO DESIGNERS & CHIEF ENGINEERS 

OSMOR 

SPECIALISE IN WINDING MINIATURE COILS, 
TRANSFORMERS, ETC. OF INTEREST TO BULK 
MANUFACTURERS IN THE INDUSTRIAL FIELD. 

MANUFACTURERS USING UP TO 50 S.W.G. 
WOULD FIND OUR SERVICE ECONOMICAL 
AND RELIABLE. ENQUIRIES APPRECIATED. 

LARGE CAPACITY AVAILABLE 

PLEASE TELEPHONE CRO 5148 
FOR SWIFT ACTION 

OSMOR RADIO PRODUCTS LTD. 
540 PURLEY WAY (F«E

Gs) 
(Nr. AIRPORT) CROYDON 

CRO 5148/9 

BARGAINS 
FOR THE HOME 
CONSTRUCTOR 

SINCLAIR SUPER MINIATURES 
THE SLIMLINE. The new 2-transistor pocket radio, size only 2i" x 14" x li". Micro alloy transistors and printed circuit. Easy to assemble. CAN BE BUILT FOR 49/6 
THE MICRO-6. Self-contained pocket radio. Size only I 4/5 " x I 3/lo" x 4" Complete with earphone.—CAN BE BUILT FOR 59/6  
HOME CONSTRUCTION RADIOS —all parts sold separately 
"REALISTIC 7" 7- transistor portable "REALISTIC 7" de luxe model "SKYROVER" standard Mark III transistor portable "SKYROVER" de luxe model Full data available 2/6—refunded if you purchase parts 

£5.19.6. £6.19.6. £8.19.6. £10.19.6. 

SUB-MINIATURE TRANSISTORISED AMPS. British n„de. 
these sub-min. transformerless amplifiers come to you fully built and ready for immediate use. All use NPN-PNP circuit powered by 9V battery. 
PCI, input SOmV, output ISOmW at 4012, size 2" x 1" x . PRICE 29/6 PC2, input ImV, output 400mW at ISQ, size 2" x 24" x J". PRICE 37/6 PCS, input 5mV, output 400mW at I5f2, size 24" x 14" x|-". PRICE 37/6 PC4, input ISOmV, output 400mW at ISO, size 24" x 14" x f". PRICE 37/6 Add I/- P. & P. on each.  
VFROROARn 's a grade laminated board with copper strips T bonded to it, pierced with a regular matrix of holes. Ideal for experimental circuits and "one off" constructions. BOARDS 42/1503 24" 43/1504 24" 45/1507 46/1508 44/1505 

x 5" 24" x 34" 34" x 5" 34" x 34" 34" x 17" 

3/8 3/- 5/2 3/8 13/6 

ACCESS9RIES Terminal pins—packet of 36 ... 3/3 Spot face cutter tool ... ... 9/- Pin inserting tool ... ... ... 9/9 
P. & P. 6d. per item extra  

TRANSISTORS GET.SI, GET.SS, GET.S6—2/6; 873A. 874P—3/6; 
OC.45, OC.7I, OC.8ID—4/6; OC.44, OC.70. OC.76, OC.8I—5/6 (matched pair 10/6); AF.I 17, OC.75. OC.200—6/6; OC.42, OC.43. OC.73, OC.82D— 7/6; OC.20I, OC.204—15/-; OC.205, OC.206—19/6; OC.28—24/6. 
TRANSFILTERS by BRUSH CRYSTAL CO. 
TO-OI B 465 kc/s ±2 kc/s TO-02D 470 kc/s ± I kc/s Z /Z    . TF-OjB 465 kc/s ±2 kc/s O/O TO-OID 470 kc/s ±2 kc/s TO-02B 465 kc/s ± I kc/s TF-OID 470 kc/s ±2 kc/s 

each 
P. & P. 6d. 

323 EDGWARE ROAD, LONDON, W.2. AMBassador 7115 378 HARROW ROAD, LONDON, W.9. CUNningham 9530 Both branches open all day Sat. Early closing Thurs. Mail orders to Harrow Rd. 
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The Radio Amateur 

Operator's Handbook 

NEW EDITION 

TIME CONVERSION 
GREENLAND? 

BEARING KR6? 

I 

64 

pages 

■ 

270° 

225° 

ISO® 

5'- 

LONDON TO VALPARAISO ? PREFIX MADAGASCAR? 

The Answers to these and many other questions will be found in the latest, ninth 

edition. Of the THE RADIO AMATEUR OPERATOR'S HANDBOOK 

In the ninth edition of this well established handbook, several new features have been included in addition to 
the complete revision of the Amateur Prefix lists—these containing the latest issued information. 

Essential to both the Transmitter and the Listener, it is full of such information as Radio Zone Boundaries— 
1/40, Call Areas, Amateur Band Frequency Allocations, Local Time Conversions, Mileage Table, Amateur Codes 
and Abbreviations, the Amateur Licence, International Morse Code, QSL Bureaux of the World, Standard Frequency 
Transmissions, Operating Technique, Charts on which countries, states, zones and counties worked or heard 
can be recorded, Prefix/Directional Bearing List, 2 Metre and 70 cm. Band Plan with map, Frequency/Wavelength 
Conversion Chart, Amateur Radio News Broadcasts, National Societies with addresses and Call Area Maps of 
Australia, U.S.S.R., South America, Canada, U.S.A. and Weather Forecast Areas, Post Office Regulations, etc. 

To Data Publications Ltd., 57 Maida Vale, London, W.9 
Please supply   copy(ies) of your latest publication "THE RADIO AMATEUR OPERATOR'S 

HANDBOOK" DATA BOOK No. 6 at 5s. Od. each, postage 5d. 

NAME... 

ADDRESS 

BLOCK LETTERS PLEASE 
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SMALL ADVERTISEMENTS 

continued from page 645 

SITUATIONS VACANT 
NATIONAL INSTITUTE FOR MEDICAL RE- 

SEARCH, MILL HILL, LONDON, N.W.7. A 
junior technician/engineer is required in the Engineer- 
ing Division for the production, initially under 
supervision, of prototype electronic equipment. 
Some experience in assembly, testing or servicing 
in this field is desirable. Salary dependent on age and 
experience. Application should be addressed to the 
Personnel Officer. onne 

— 

RYE TELECOMMUNICATIONS LTD 

Have vacancies in 

CAMBRIDGE. 

YHF ENGINEERS 

Experience of A.M. and P.M. Transmitters and 
Receivers essential. Some transistor circuit 
experience desirable. Men who have had 
training in the Services may be suitable. 
Excellent rates of pay and good prospects 
for promotion. Applicants who wish to seek 
a career with Europe's leading Radiotelephone 
manufacturers should apply to: 

Personnel Manager 
Pye Telecommunications Limited, 
Newmarket Road, 
Cambridge. 
Telephone Teversham 3131 

YOUR CAREER IN RADIO ? 
Big opportunities and big money await the qualified man in every field of Electronics today—both in the U.K. and through- out the world. We offer the finest home study training for all 

!3dJ0^ielevision' etc- especially for the CITY it . r. r- r- EXAMS. (Technicians' Certificates); the Grad. Brit. LR.E Exam.; the RADIO AMATEUR'S LICENCE; P.M.G. Certificates; the R.T.E.B. Servicing Certificates; etc. Also courses in Television; Transistors; Radar; Computers; Servo- mechanisms; Mathematics and Practical Transistor Radio course with equipment. We have OVER 20 YEARS' experience in teaching radio subjects and an unbroken record of exam, successes. We are the only privately run British home study 
•SM,LUtei,'i?c'a''#'n' 'n e'ectronic subjects only. Fullest details will be gladly sent without any obligation. 

SEND FOR FREE BROCHURE TO: 
BRITISH NATIONAL RADIO SCHOOL 

DEPT 4, RADIO HOUSE • READING • BERKSHIRE 

; 

Could you 

trouble shoot a computer ? 

Keeping a computer working smoothly is only part 
of a Customer Engineer's job at IBM. He works 
with his customers, (within daily reach of his home) 
in their offices, helping them to use the equipment 
more effectively. He meets all levels of customer 
management in different branches of commerce 
and industry. He should have the ability to produce 
fresh ideas and have confidence in his own 
judgment. He must be able to combine his en- 
gineering skill with an understanding of his custo- 
mers' needs and business systems. The job is a 
challenge, so is any work worth doing. And it's 
never dull. 
We offer a thorough training. Starting salaries are 
normally in the region of £1,000 a year, with special 
consideration for men with special aptitude or spec- 
ific experience. Increases are on individual merit. 
As a Customer Engineer you could be earning 
between £1,250 and £1,700 in three years. Promotion 
also is on merit and from within the company. 
Is this the kind of career you're looking for? If you 
are between 21 and 29 and have a working know- 
ledge of electronics (e.g. through a Radar/radio 
Fitters Course, Telecommunications experience or 
ONC/HNC Electrical or Electronic) we'd like to 
discuss your plans with you and show you how 
they could be realised in our rapidly growing 
organisation. 
If you're not quite old enough to have reached the 
standards we've indicated, we'd still like to hear 
from you. If you've just left school with 'A' level 
Maths and English or are studying for ONC Elec- 
trical Engineering, we invite you to apply to us.There 
could be a place for you. 
Please send a summary of your education, experi- 
ence, interests and age to Mr. I. F. Bush, IBM 
United Kingdom Limited, 101 Wigmore Street, 
London, W.I., quoting reference 
CE/RC/156. 

You can grow with IBM 

APRIL 1965 647 

www.americanradiohistory.com



CHASSIS 
and 

CASES by 

CASES 
ALUMINIUM, SILVER HAMMERED FINISH 

287/9 Edgware Road 
London W2 

TELEPHONE 
PADdington 5891/7595 

Type W 
Type Size 

U 4 x 4 x 4** 
U 5ix4ix4i,/ 

U 8x6x6" 
U 15x9x9" 
W 8 x 6 x 6" 
W 12x7x7" 
W 15x9x8" 

Price 
10/- 
15/- 
21/- 
44/6 
21/- 
34/- 
44/- 

Type Size 
Y 8x6x6" 
Y 12x7x7" 
Y 13x7x9" 
Y 15x9x7" 
Z 17x10x9' 
Z 19x10x8*" 71/- 

* Height 
Type Z has removable back and front panels. 
Type Y all-screwed construction. 

 Type Y 
TypeZ 

/ Type U 

BLANK CHASSIS—Same Day Service 
Of over 20 different forms made up to YOUR SIZE. 

(Maximum length 35", depth 4".) 
SEND FOR ILLUSTRATED LEAFLETS 

or order straight away, working out total area of ma- 
terial required and referring to table below which is for 

four-sided chassis in 16 s.w.g. aluminium. 
48sq. in. 4/3 176 sq. in. 9/- 304 sq. in. 13/6 
80 sq, in. 5/6 208 sq. in. 10/- 336 sq. in. 14/9 

112 sq. in. 6/6 240 sq. in. 11/3 368 sq. in. 15/9 
144sq. in. 7/9 272 sq. in. 12/6 and pro rata 

P. & P. 2/6 P. & P. 2/9 P. & P. 3/- 
Discounts for quantities. More than 20 different 

sizes kept in stock for callers. 
FLANGES (*" or i"), 6d. per bend. 
STRENGTHENED CORNERS, 1/- each corner. 

PANELS 
Any size up to 3ft at 5/3 sq. ft. 16 s.w.g. (18 s.w.g. 4/6). 
Plus postage and packing (orders over £2 Post Free). 

BRASS • COPPER • LIGHT ALLOYS • ALUMINIUM 
BRONZE • STAINLESS STEEL 

ROD, BAR. SHEET, TUBE. STRIP. WIRE. 3,000 STANDARD STOCK SIZES 
No Quantity too small List on application 

H. ROLLET & CO LTD 
HOWIE ST. LONDON SW11 BATtersea 7872 
 Also at Liverpool, Birmingham, Manchester, Leeds, Glasgow   

the unique PAN L black crackle paint 
4/-d. per 1/8 pt. Can 

(We regret we can only supply on cash with order basis) 
BRUCE MILLER LTD., 
219 Coastal Chambers, 
Buckingham Palace Road, S.W.1. 

TRANSISTOR 
BATTERY CHARGER 

© 'OJ 

BATTERY 
CHARGER 

By using this combined Charger & 
A.C. Eliminator you can use your 
TRANSISTOR RADIO or INTERCOM 
on domestic A.C. mains. **And charge 
Dry Batteries PP3 9V. Unbeatable 
value. Save your pounds on batteries. 
Only 19/6. P. & P. 1/-. Complete with 
Plug, Lead, and Snap Cord. Fully 
guaranteed. 

MAINS RADIO 
Ready built 5 Tube Radio for 
bedrooms, kitchens. Receives all 
stations on Medium Wave includ. 
Luxembourg. 3" dynamic speaker. 
Loud and Clear reception. Built-in 
tuning bar. Weight 2.11b. Fully 
guaranteed. Only 75/-. P. & P. 3/9. 

WEST LONDON DIRECT SUPPLIES (Dept. RC/12) 
6 CHIGNELL PLACE, WEST EALING, LONDON, W.13. 

J. B. LOWE 
115 CAVENDISH ROAD 
MATLOCK, DERBYSHIRE 

ALL ITEMS BRAND NEW 
Morse keys, good, fully adjustable, 3/-. Rotary switches, all types from 2/-. Miniature pots., Ik, 50k, I Meg., carbon, 2/-. Chokes of every type. 
Relays. Hundreds in stock, 6V, 12V and 24V, from 2/-. 
Vibrators 12V, 4 pin, 6d. Practice buzzers, 2/-. 
Terminal boards all shapes and sizes, 6d. each, 10 for 4/-. A must for any construction work. 
Dubilier I.OOOmF 12V miniature electrolytics, 1/6; 15 for £1. Miniature colour-coded *W resistors, 2d.; 100 for 10/-, your choice. Lots of miniature ceramics, etc., ideal for transistor work, from 2d. Power Supplies: 250 V.a.c. or 12 V.d.c. in; 12.6 V.a.c. and 175 V.d.c. out. Brand new Marconi, a beautiful rugged bench supply at an incredible £2.10.0. 
Transistor supply. 250 V.a.c. in, 10 volts zener diode regulated out. Brand new, modern, miniature for 30/-. 
Lots of other good buys in components, receivers, transmitters, test gear, etc. A s.a.e. will get you my latest price list. 
Orders over 10/—, POST FREE; 5/- and under, add I/—; 10/- and under, add 2/-. 

IV£ iFBCIALUB 

in Quality Transistors & Components 

For Discerning Enthusiasts 
for last month's articles . . . 

Components for "OSCAR" R.F. Signal Generator, Tran- 
sistor Microphone pre-amp. and Peak Level Indicator. 
Also OC71s and OCP71s. 
Please send 3d. for April list, 6d. for March supplement, 
1/- for Reference Catalogue (stamps please). 

Please note our new address: 176 HAGLEY ROAD, HALES- 
OWEN, BIRMINGHAM Phone: HAL 2505 
Callers welcome all day Saturday. 

J. WILLIAMS & CO. Electronics Limited 

THE RADIO CONSTRUCTOR-BOUND VOLUMES 

LIMITED NUMBER ONLY: 

Volume 17, August 1963 to July 1964 Price £1 10s Od Postage 3s Od 
Where all issues are returned : Price £1 Postage 3s Od 

We regret Volumes 13, 14, IS and 16 are now sold out 

Send for our latest brochure containing details of our other publications 

DATA PUBLICATIONS LTD 57 MAIDA VALE LONDON W9 
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VALVE 
VOLTMETER 

AC/DC (+ and —) 
Resistance. 
AC/RMS and PK/PK. 

Detailed leaflet on request. 
* AC RMS and DC Voltage 

O/H/5/15/50/150/500/1,500 volts. 
DC IMP. 11 meg. A.C SENS 7.33 
meg/volt. 

* AC PK to PK 
0/4.2/14/42/140/420/1,400/4,200 volts. 

•fa Resistance from 0.2 ohm to 1,000 Meg. 
In 4 ranges. AC/DC Probe, DC to 4 
Mc/s, Hi^h Stability and Accuracy. 
Size 7i" x 4^" x S7'. Mains operated. 
Fully guaranteed. 

Price £13.19.6. P.P. 2/6 
(Probe to extend to 100 Mc/s, 40/- extra) 
* TRANSISTOR TESTER £9.17.6. P.P. 3/6 

BUILD A QUALITY 
TAPE RECORDER 

Pre-Built 
Equipment—6 
Valves—Collar© 
Studio Decks— 
Portable 
Cabinets with 
8" x S77 Speakers 
* LEAFLET ON 

REQUEST 
TWO TRACK Total Cost £26 

P.P. 8/6 
OR Deck 10 gns. P.P. 5/-; Amplifier 
11 gns. P.P. 3/6. Cabinet with Speaker 
5 gns. P.P. 3/6. 

FOUR TRACK Total Cost £30 
P.P. 8/6 

OR Deck £13.19.6. P.P. 5/-; Amplifier 
12 gns. P.P. 5/6. And Cabinet with 
Speaker 5 gns. P.P. 3/6. 
All complete in every detail. Illustrated 
leaflets on request. Ideal for portable 
or domestic equipment. 

GARRARD 2-TRACK BATTERY 
TAPE DECK 

9V operated, 2 track, 2 
speed. Brand new, fitted 
heads, etc. Supplied com- 
plete with cassette and 
manual. Brand New. 
£10.10.0. P.P. 3/6. 

I FM VHP TUNING HEART | 
Printed circuit construction, fully tunable 
85 to 105 Mc/s. Completely screened. Requires UCC85 (8/6), R.F. stage and osc./ 
mixer stage. With circuit. 
Brand new in maker's cartons 15/-. P.P. 1/- 

| MULTI METERS | 
BRAND NEW FULLY GUARANTEED 

PT34 1 kQ/volt 39/6 ^ 
CABYM1 2kQ/volt 49/6 
THL33 2kQ/volt 75/- 

(illustrated) 
EP10K 10kQ/volt 79/6 
IT12 20kQ/volt 82/6 
TP5S 20kQ/volt £5.19.6 
500 30kQ/volt £8.19.6 
EP30K 30kQ/volt £5.10.0 
EP50K 50kQ/volt £8.10.0 
EP100K 100kQ/volt £9.19.6 
Post and Packing 2/- any 

model 

TRANSISTORS, CRYSTALS, 
VALVES AND COMPONENTS 

THE LARGEST RANGE OF THE ABOVE 
ITEMS IN THE COUNTRY 

We stock far too many types to list 
here. See our Catalogue for full range 
LET US QUOTE FOR PARTS FOR YOU 

RETURN OF POST SERVICE 

A SELECTION FROM OUR STOCKS 
See Catalogue for full details 

• Sinclair X10 Amplifier (Kit)... £5.19.6 
(Built)... £6.19.6 

• Sinclair Micro-6 (to build) ... ... 59/6 
• Sinclair TR750 Amplifier (to build)... 39/6 
• Sinclair Micro Injector (to build) ... 27/6 
Tape Jack Tuner (Full Med. Wave) ... 29/6 
10-Watt Horn Tweeter ... ... 27/6 
20-Watt Super Tweeter ... ... 69/6 
Two-channel Mixer for Mics/Pu's ... 15/- 
1 to 200 Mc/s Field/str. Meter ... 59/6 
5-hole Chassis Punch Kit ... ... 49/6 
Headphones 2kQ 12/6; 4kQ ... ... 14/6 
Stereo Stethoscope Headset, 8+8 arm 25/- 
Resistor Substitution Box ... ... 32/6 
Crystal Mono Stethoscope Headset ... 10/6 
Magnetic Mono Stethoscope Headset... 12/6 
Transistor Signal Injector ... ... 35/- 
Fully Disappearing Car Aerial ... ... 35/- 
Test Lead Kit with Pouch ... ... 8/6 
Capacitor Substitution Box ... ... 22/6 
De Luxe Stereo Headsets with junction 
box ... ... ... ... ... £6 
PP3 9V Batt. Eliminator ... ... 18/6 
Transistor Telephone Amplifier ... 59/6 
8+8Q Stereo Headphones ... ... 62/6 
Crystal Contact Microphone ... ... 12/6 
MCI Crystal Mic. Insert ... ... 5/- 
Earphones, Crystal or Magnetic 
Complete with Jack and Socket. ... 5/- 
Telephone Recording Attachment ... 9/6 
50-0-50fj.A Edgewise Meter ... ... 25/- 6/12V Min. 212w Relay  12/6 
Transistor Coil Set With Tuner, 
Ferrite Aerial and Circuit ... ... 20/- 
Complete Test Lead Kit ... ... 8/6 
30W Pocket Mains Solder Iron ... 14/6 
877 Hi-Fi 15/16 ohm Speaker ... ... 69/6 
100 kc/s Quartz Crystal   15/- 
Twin Crystal 1 Mc/s and 100 kc/s ... 22/6 
1 Mc/s B7G Glass Crystal ... ... 28/- 

RECORD/REPLAY/ERASE 
TAPE HEADS 

Marriot Type R/RP/3 i track record-replay 
head and Mullard type TS erase head with 
mounting post. Ideal for transistor circuits. 
Bargain Offer, 15/- Pair. P.P. 1/- 

* 700Q IMPEDANCE 
| CRYSTAL MICROPHONES | 

(See Catalogue for details and for 
Dynamic Mies) 

Acos 39-1 Stick Microphone ... 32/6 
Acos 40 Desk Microphone ... 15/- 
Acos 45 Hand Microphone ... 19/6 
Lapel/Hand Microphone ... 12/6 
Acos Stick Microphone ... 15/- 
100C Stick with Stand ... 32/6 
BM3 Stick with Stand... ... 49/6 
Lapel/Hand Magnetic ... ... 8/6 
MM71 2k Mag. Mic   12/6 
MC70 Studio Mic   42/- 

Trade and Export Enquiries Invited 

| NOMBREX TEST EQUIPMENT | 

LEAFLETS ON 
REQUEST 
FULLY 
GUARAN- 
TEED 
All transistor 
portable units 
supplied with 
full instruc- 
tions. 

•^■150 kc/s to 350 Mc/s generator. RF 
Mod., AF, 8 ranges. Leads, batt., 
instructions, £9.10.0. 
Resistance/Capacitance Bridge, £8.5.0. 

£ Transistorised Power Supply, £6.10.0. 
•jlf Audio Generator, £16.15.0. 
£ Inductance Bridge, £18. 

TRANSISTOR PORTABLE 
WALKIE-TALKIES 

j POCKET RADIOS | 

All complete with battery, 
earphone, carry case and 
fully guaranteed. 6 and 7 
transistor superhet designs. 
^ 6-Transistor Med. Wave, 69/6. P.P. 2/- 

7-Transistor Med. Wave, 79/6. P.P. 2/- 
6-Transistor Med./Long Wave, 
5 gns. P.P. 2/6 

•4f 7-Transistor MW/LW/SW, 
£12. P.P. 3/6 

MAINS AND BATTERY 
RECORD DECKS 

9-Transistor Portable Trans-receivers. Sup- 
plied complete with leather cases, batteries, 
aerials, etc., in presentation case. Range 
up to 5 miles in favourable conditions. 
Sizes 6+7 x 377 x 1+7. Superhet crystal 
controlled on transmit and receive. 

Price £21 per pair. P.P. 3/6 
| DYNAMIC MICROPHONES | 

Special offer of SOkQ professional quality types. + DM301. Size 6J- x l-i* x 2" for stand mounting. Response 40 c/s to 15 kc/s. Fitted on/off switch. PRICE 79/6, p.p. 2/6. (Normally 5 gns.) + DM107. Stick type for hand or stand use. Size 7 x li" diam. Response 70 c/s to 16 kc/s. Fitted on/off switch. PRICE 69/6, p.p. 2/-. (Normally 4 gns). 

ALL COMPLETE with ARM 
and CARTRIDGE 

* BSR UA14 4-speed  £5.19.6 
* BSR UA15 4-speed  £6.19.6 

Garrard Autoslim 4-speed ... £6.10.0 
£ Unplugable Head Version ... £6.19.6 

Stereo Version ... ... £7.19.6 
6-9 volt version ... ... £8.19.6 

* SRP10 4-speed or BSRGU7... £5. 0.0 
Garrard AT6 with Stereo 
Cartridge, 4-speed ... ... £10.19.6 
AT6 with Mono Head ... £10.10.0 

P. & P. 3/6 any type above 
^ AT6 with EV26 or Sonotone £11.19.6 

9V Star, 45 r.p.m. ... ... £1.19.6 
'fa 45 and 33 r.p.m. Star, 9V ... £4.12.6 

45 r.p.m. Garrard 6V ... £1.15.0 
* 4-speed B.S.R., 9V or S.R.P.10 

9V   £5. 5.0 
P. & P. 2/6 any of above 

HENRY'S RADIO LTD 
303 EDGWARE ROAD LONDON W2 

PADdington 1008/9 
Open Monday to Sat. 9-6. Thurs. 1 o'clock 

PLEASE TURN TO BACK PAGE 
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FIRST/and BEST proved & tested designs, quality, cohpokekis s units 

TRANSISTOR HI-FI AMPLIFIERS 

MONO or STEREO 10 WATTS and 20 WATTS 
-fa 15 to 16 ohm 10 

watt Power 
Amplifier 

BUILT £5-19-6 2/6 

3 to 4 ohm 
10 watt Power 
Amplifier 
£5-10-0 p p BUILT 2/6 

PRE-AMPLIFIERS 

* MAINS UNITS 59/6 for one amplifier, 
or 69/6 to power 2 amplifiers. 

Mono full function pre- 
amplifier with 8 input posi- 
tions. Low noise, high qual- 
ity and sensitivity. Gives 
10 watts with one power 
amplifier or 20 watts with 
two amplifiers. Size: 9" x 
2i" x 2". 
built £5-10-0 

* FRONT PANEL 
PLATE 8/6 

• STEREO PRE-AMPUFIER 

FUTM VOLUME 

m 

Two Channel version of above. 
For use with two power ampli- 
fiers for 10+10 watts. 
Size: 9" x 3+' x 1|". 

^ £10-19-6 
Dark Brown with 
Front Panel 12/6. 

3/6 
Gold 

MULTI-INPUT PRE-AMPLIFIER 
Simplified pre-amplifier for use with one 
or two power amplifiers, 8 inputs. 
PR'CE ^S/- -pp 1/A 
BUILT QDI pp-1/6 
■Jc Front Panel Plate 6/6. 
All the above pre-amplifiers can be used 
with any valve or transistor power amp- 
lifier requiring 250mV for full output. They can be operated with two 
9 volt batteries in series or from the power amplifiers. High gain, low 
distortion, excellent quality designs, combined with value for money. 

CIRCUITS AND DETAILS ON REQUEST 
Demonstrations of above equipment and VHF FM Tuner can be heard 
during normal shop hours. All units are fully guaranteed. 

TWO PACKAGED TRANSISTOR 
■k 6-TransisU3r ^prmtXd 'cnrcurt;''clesigns. Push-pull output for 3 to 5 ohm speakers. Can be battery 
operated. 6mV into 1 kQ sensitivity. Response 
40 c/s to 12 kc/s. 
Can be used with above pre-amplifiers for mono or 
stereo in any amplification requiring a low distortion 
low cost amplifier. Overall sizes; 2+' x 2" x 1 +'. ★ 4 watt version operates PRICE 

from 12 to 18 volts. BUILT ★ H watt version from 9 PRICE 
to 12 volts. BUILT 

I 
79/6 ^ 
65/- ^ 

1? watt and 4 watt 
LATEST 5th EDITION 
90-PAGE CATALOGUE 

Fully detailed and illustrated. 
Price 2/6 post paid. 

* CIRCUITS AND DETAILS ON REQUEST * 

FOR THE HOME CONSTRUCTOR 

'REGENT-6' New! 

^-MEDIUM and LONG WAVE 
POCKET SUPERHET RADIO. A 
new 6-transistor printed circuit designed 
with full coverage on both wavebands. 
Features "Cleartone" push-pull speaker 
output, geared tuning and complete set 
of 1st grade components. Moulded two- 
tone cabinet size S'7 x 3" x 1+'. Easy to 
follow building details. All parts sold 
separately. 

Total cost of all parts 85/- P. & P. 2/- (Battery 2/6 extra) 

All Transistor Car Radio 
^ ONE HOUR TO BUILD 

WITH FACTORY 
ASSEMBLED CHASSIS 
AND PANELS 

6-transistor 3 diode Med. and Long 
Wave Superhet Design. Features 
double tuned IFT's, AVC. Permea- 
bility tuning with geared drive, 
push-pull car filling volume. Full 
tuning of both wavebands. A high 
sensitivity design on printed 
circuits to fit any type of vehicle. 
12 volt positive earth only. All 
parts available separately. After 
sales service and guarantee. 

THE "ROADSTER" 
^ Total Cost to Build 

£8-19-6 P P 3'6 

★7x4 inch, hi-flux speaker 
with baffle and car fixing kit 
20/- extra. 

Circuit and details on 
request. 

VHF TRANSISTOR HI-FI FM TUNER 
it HIGH STABILITY — HIGH 

SENSITIVITY * 
Features 5-Mullard transistors with 
4 diodes, compact printed circuit, 
high gain, low distortion, superhet 
design. Full tuning from 87/105 
Mc/s with geared tuning. AVC and 
AFC. 9 volt 9mA operation. 50dB 
S/N. Output up to 1 volt audio. 
Easy to build and align. Overall 
size in cabinet 3±" x 2+' x 4,,. All 
parts sold separately and guaran- 
teed. 

AFTER SALES SERVICE 
* CIRCUIT AND DETAILS 

ON REQUEST 

Total Cost with Front Panel 
£6-19-6 P P ^ 

(Cabinet Assembly 20/- extra) 

'CONVAIR 
CAR RADIO 

PUSH BUTTON 
PORTABLE 

* UNBEATABLE FOR PER- 
FORMANCE AND DESIGN * 
Printed circuit 6-Transistor 2-Diode 
superhet radio with full tuning on 
medium and long wavebands. 
Push-pull output up to 1 watt. 
Attractive portable cabinet, size 
10" x 7" x 3\" with horizontal slow 
motion tuning dial and push button 
wave change. Easy to build with 
superb performance. All parts sold 
separately. After Sales Service and 
Guarantee. 

* CIRCUIT AND DETAILS 
ON REQUEST 

it Total Cost of All Parts 
£7-19-6 p.p. 3/6 

(Batteries 6/- extra) 
it The Finest Portable Available 

NEW! VHF FM TUNER 

HENRY'S RADIO LTD., 
303 EDGWARE ROAD LONDON W2 

PADdington 1008/9 
Open Man to Sat. 9-6. Thurs. 1 p.m. 

mm 

New 6-transistor superhet 
design. 
Factory built and aligned 
units. 
Covers 88 to 108 Mc/s. Hori- 
zontal tuning scale. 
Total 4 "T g Leaflet on 
Cost tlA"l/"0 Request 
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